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PREFACE TO THE SECOND EDITION. 

V • 

'^^ During the past twenty-two years the Author has 
:^ given a very large number of lectures and addresses 
X to persons interested in railway engineering, and 
'^ especially to railway drivers and servants, upon the 
^ subject of the Development of the Locomotive ; and his 
articles and communications to the mechanical journals 
Ji upon the same subject will not be unknown. 

In the preparation of those lectures and addresses 
he has been indebted to many railway companies and 
v^' locomotive engine builders, who have given him 
facilities for examining or copying their earlier 
records, thus enabling him to complete and preserve 
the histories of several old or forgotten locomotives. 

In compliance with resolutions passed at public 
meetings and with the expressed wishes of many 
friends, he, in the First Edition of this little book, 
placed the information thus act][uired in a concise and 
convenient form, giving an outline of the various stagea 
through which the locomotive, as we now have it» ha» 
passed. 
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VI PREFACE. 

The very cordial reception which was accorded to 
the First Edition has been very gratifying, the whole 
of a large impression having been completely sold out 
within a few months of publication. The public appre- 
ciation of the work, which was thus evidenced, has 
been reflected also in the very favourable opinions ex- 
pressed in Engineering and other journals, both in 
this country and in America ; and it may be noted that 
the only suggestion made has been that subsequent 
editions should be enlarged and extended. 

In accordance with this suggestion, the work has 
now been carefully revised ; some further details have 
been added with reference to ancient engines ; and par- 
ticulars inserted of the latest designs of engines now 
being constructed, both in this country and in America; 
the result being to increase the volume by about fifty ' 
pages. A large number of engines, which in the First 
Edition were simply described, are now clearly illus 
trated. 

The illustrations and descriptions given of such 
noteworthy engines as the " America '* (1829), p. 26 ; 
the " Hurricane," p. 76 ; the " Cornwall *' as in 1847, 
p. 99 ; and the latest Great Western design, p. 167 ; 
will prove especially interesting to all who watch the 
Locomotive Engine and its Development. 

■ Saxe-Coburg House, 

Lbigester. February f 1893. 



CONTENTS. 



Introduction i— The Early Use of Steajn — Steam OaniageB in- 
tended to ran upon Ordinary Roads — Railway Speed . . 1 

Ohafteb I. — Early Logomottvbs used upon Private Likes fob 
THB OoNVEYANOB OF GooDS AND MINERALS : — ^Trevithlek, the 
Father of the Locomotiye — Rack-rails and Cog-wheels — 
George Stephenson's first Eng^e — Steam Springs — The 
Bnke of Portland's Tram-road — Eng^es for the H6tton 
Collier}^ • . 6 

Chapter II. — Engines employed upon Public Railways for the 
Conveyance of Passengers, Goods, and Minerals: — ^The 
Stockton and Darlington the first Public Railway. Its Loco- 
motiye List — ^Wilson's Four-cylinder Eng^e — Hackworth's 
** Royal George" — The first Locomotive for America — Rain- 
hill Trials — The Liverpool and Manchester Locomotive List — 
The Leicester and Swannington Locomotive List (facing p. 45) 
— Andent Valve-gear — Grasshopper Springy — The first 
Steam Railway Whistie — A Bogie Engine — The first Six- 
coupled Goods Engine with inside Cylinders — Mr. Bury's 
Engines — Four Wheels venm Six — Forrester's Outside 
Cylinder Engines — Four Eccentrics introduced — Stephenson's 
* * Standard " Passenger Engine — High Foundry Valve-gear 19 



VIU CONTENTS. 

PAGB 

CaAPTHB IIL — ^Thb GoiocEiroBiaEMT OF THB Battle of thb 
Gauobs: — ^Ten-feet Driying-wheelfl a Failure — Amerioan 
Engines in England — ^McConnell*8 Tank Engine — Howe's 
link Motion — The Long Boiler — Mr. Alexander Allan's 
Orewe Pattern — Crampton's Patent — A Three-cylinder 
Engine— The Battle of the Ghinges at its height — Eightj- 
one Miles an Hour— ^TreTithiok's ** Cornwall" — ^Mr. Barns- 
bottom's Engines— The Narrow Gktnge Engines as fast as 
the Broad — ^Kirtlej's Designs for Midland Railway Engines . 72 

Okaftbs rV. — ^MoDBBN LoooxoTivES FOB Main Line Tbains :— 
steam-reversing Gear — ^Mineral Engines — Various Opinions 
on Compound Express Engines — ^Three Cylinders vet'fus Two 
— ^Express Engines oonpled in front— The latest Great 
Western Engines 122 

Craptbb V. — Goods Engihbs Hayino Eight Coupled Whbbu 177 

Ghapxbb VI.— Thb Latest Axbrican, and English, Designs . 181 

CtaAPTBB VTI. — ^LlST OF LOOOXOTTTES— RULBS FOB GbADIBNIS — 

Sundey Appliancbs :— The Steam Sand-blast—A Single 
Engine the best for Fast Running — Slipping — Adhesion 
— Invention of the Lijector— Giffard's Explanation of its 
Action—Modem Lijectors— Table of Water supplied by 
various sizes— Valve Gear— Joy's Gtear .... 18$ 



LIST or ILLUSTEATIONS. 



PAOB 

The Firfet Locomotive, 1803. 6 

— " Blenkinsop," 1812 . 7 

— "Puffing BUly," 1813 . 10 
Bnmton*8 Engine, 1813 . . 11 
Stephenson's First, 1814 . . 12 

Bo. Third, 1816 . 14 

Do. end view . . 16 

Do. "Puffing Billy," 

as in 1815 ... 17 

The "Locomotion," 1825 . 20 

— "Experiment," 1826 . 23 

— " Twin Sisters," 1827 . 24 

— " Rojal George,** 1827. 24 

— "Lancashire Witch," 

1828 25 

— "America," 1828 . . 26 

— "AgenoriH," 1829 . . 29 

— "Rocket," 1829 ... 31 

— "Novelty," 1829 . . 33 

— " Invicta," 1830 ... 35 

— "Northumbrian," 1830. 36 

— "Planet," 1830 ... 38 

— "Mercury," 1830 . . 40 

— "Samson," L.&M.Ry. 

1831 41 

— " George Stepheneon," 

1831 42 

— "Comet," L. & S. Ry. 

1832 44 

— " Phoenix," L.& S. Ry. 

1832 46 

— " Wiibeiforce," 1832, 

facing 47 

— " Caledonian," 1832 . 49 

— *' Ironsides," 1832 . . 49 

— " Samson," L. & S. Ry. 

1833 50 



PAOB 

Steam Trumpet* .... 52 
The " Experiment," L. & M. 

Ry. 1833 .... 54 

— " Earl of Airlie," 1833 . 66 

— "Hercules," 1833 . . 67 

— "Patentee," 1834 . . 67 

— " Atlas," L. & S. Ry. 

1834 59 

— "Liverpool," L. & S. 

Ry. 1834 .... 61 

— "Swiftaure," 1834 . . 63 

— " Comet," N. & C. Ry. 

1835 64 

— "Vulcan," L. &S. Ry. 

1835 66 

Stephenson's Standard En- 
gine, 1836 .... 67 
The "Atlas," N. & C. Ry. 

1836 68 

— "Ajax," L. & S. Ry. 

1837 69 

Sharp's Engine, 1837 . . 70 

The " North Star," 1837 . 73 
Grand Junction Railway 

Engine, 1838 * , . . 76 

The " Hurricane," 1838 . . 76 

— "Victoria," 1838 . . 78 

— "Hector," 1839 ... 79 

— "Philadelphia," 1840 . 81 

— " Long Boiler," 1842 . 85 
Stephenson's Fork Motion . 86 
Howe's Link Motion ... 87 
Mr. AUnn's Goods, 1843. . 91 
The " Great Western," 1846 95 

— "Velocipede," 1847 . . 98 

— "Cornwall," l847,/a(?fwy 99 

— Do. 1863 . . 99 



MST OF ILLUSTRATIONS. 



The '* Liverpool " (Cramp- 
ton'a), 1848 . . 

— " Jenny Lind," 1849 

— ** Bloomer/' 1860 . 

— *' Problem/' 1859 . 

— "Pacha." 18G2 . . 
No. 30 class (Midland), 1864 






»» 



»» 
»> 

»» 
If 



1S69 
1870 
1870 
1870 
1871 



712 
780 
800 „ 
,f 800 tender 
„ 890 class 
Glasgow and South-West 

em Express, 1873 . 

The*'Gro8venor/' 1874 

Midland Mineral, 1875 . 

Brighton Express, 1882 

Midland Goods . . . 

Do.' Tender . . . 

Midland Express, 1885 

Caledonian Express, 1886 

Do. Tender .... 

Great Northern Express, 

1870-1887 . . . . 



PAOB 
100 

103 
105 
110 
113 
115 
116 
117 
119 
120 
121 

122 
124 
126 
130 
131 
132 
134 
136 
137 

138 



Great Eastern Express . . 

Manchester, Sheffield, and 
Lincolnshire Express . 

North- Eastern Express . . 

London and South- Western 
Express 

^letropolitan District En- 
gine 

Midland Express .... 

Section showing Gradients 
of Midland Ry. . . . 

Mr. Webfe's Jjatest Com- 
pound 

l^Ir. Dean's Latest Design . 

Small Shuntini; Kngine 

Large Shunting Engine 

Arrangement of Sand Blast 

facing 

Details of Sand Blast, /oriM^ 

Details of Injector . . . 

Foot-plate View ol Injec- 
tors. . . . facing 

Joy's Gear . . . facing 

Joy's Gear. Actual Result . 



141 

145 
148 

150 

167 
161 

163 

165 
167 
175 
176 

192 
192 
195 

195 
199 
200 



THE LOCOMOTIVE ENGINE ANI) 
ITS DEVELOPMENT. 



INTRODUCTION. 

The name " locomotive '* engine is derived from two 
Latin words, locus, a place, and moth, motion ; conse- 
quently a locomotive is an engine capable of moving 
itself from place to place. 

Great and important improvements in railway and 
other industries are not the result of the work of one 
man, but of many minds. Therefore it frequently 
occurs that the person who works out the details, and 
brings an improvement to a practical success, is not the 
first inventor of the crude idea ; and it is a matter of 
regret to both engineers, passengers, and railway ser- 
vants, that no one book has ever been published giving a 
full and complete history of the early development of the 
locomotive engine, showing exactly the part performed 
by each inventor. The quantity of information which 
is available is enormous, but it is unfortunately dis- 
tributed over numbers of books, articles, and papers ; 
and constantly railway companies, even at the present 
day, discover amongst old documents the drawings and 

B 



2 DEVELOPMENT OF THE LOCOMOTIVE. 

official details of engines and carriages which for years 
past have been unknown and forgotten. 

Attention should be directed to the fact, that in the 
early days of railways a very similar set of names was 
adopted by different lines, for instance a Comet, 
a Phoenix, a Samson, a Goliath, a Yulcan, an Atlas, 
a Liverpool were to be found on nearly all lines, and the 
official lists prove that in 1840 no less than ten engines 
were running in this country named "Liver** and 
" Liverpool/' This shows that those who desire to in- 
vestigate the history of certain engines must be ex- 
tremely careful not to be confused by the similarity of 
names. Another difficulty is that several locomotive 
makers each built " trial engines '' upon their own 
system or patent, and obtained the permission of 
certain companies to give them a trial on their lines ; 
in some cases the railway companies afterwards pur- 
chasisd the engines, in others they did not. As an 
instance of this, Mr. Bury, in 1830, built an engine 
named " Dreadnought " ; it was, by permission, tried 
on no less than five lines, then taken back to the 
works, altered or almost rebuilt, a new name, " Liver- 
pool," W£is put on, and after a trial on two lines it 
was purchased by an American Railway Company in 
1831, but a few months after its arrival it becamie 
known as the "Spitfire." The Author happens to 
have the maker's private number marked upon the 
drawings which corresponds with that stamped 
upon parts of the engine itself, or it would have 
been impossible to trace its history. In a 
similar way an engine named "John Bull" was 
sent from Newcastle to the Hudson and Mohawk 
Bailroad in 1831, a year later it was renamed 
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*' Robert Fulton," and in 1845 it was rebuilt and 
renamed "Rochester." 

The question of railway speed is one which con- 
stantly engages the attention of passengers, and we 
often hear of 90 or 100 miles an hour. During the 
past twenty-five years the Author has ridden upon 
many engines, and has travelled in all the fastest 
trains upon all the railways in this country, for the 
special purpose of ascertaining their rate of speed. 
Upon a few occasions, and under favourable circum- 
stances, he has recorded the very high speed of 79-9 
miles an hour, but he has never been able to time 
a train or engine at actually 80 miles an hour. 

As long ago as 1853, 81 miles an hour was run 
by engines upon the Bristol and Exeter Railway, 
but these have now been altered and their speed 
reduced. It is not wise to predict what may be done 
in the future, but at present 80 miles an hour is the 
maximimi pace. The average speed of the fastest 
express train, over a long run, without a stop — say 70 
or 100 miles — ^is 54 or 55 miles an hour, and to maintain 
this it is not necessary to run at more than 70 or 
75 miles an hour upon any part of the journey. 

As the newspapers often profess to record very 
extraordinary rates of speed, it may be advisable to 
point out one possible cause of error. "We should 
beware of " speed indicators " which take their motion 
from the driving wheels of engines, as the Author, 
when the train was running no more than 55 miles 
an hour, has seen an indicator go up to 90 miles an 
hour, the increase being simply due to the "slipping" 
of the driving wheels. 

The power of steam was known to Hero of Alexandria 
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about 200 B.C., or fully 2000 years ago, and a book 
he then wrote treated of the expansive force of steam, 
and described the cylinder, piston, slide-valve, and 
common clack-valve. 

Although the power of steam was known, no attempts 
appear to have been made to turn it to useful and 
practical effect, even in stationary engines, until 250 
years ago. 

In the year 1759, Dr. Robinson suggested to James 
Watt the idea of steam carriages for running upon 
common roads, and models were made. Cugnot, in 
1769 and 1771, constructed steam carriages. Mur- 
doch, in 1784, followed by many others, also made 
'^ models'' and '^ suggestions'' for working carriages 
by steam on ordinary roads ; but it was not until the 
year 1803 that the first tram-road or railway loco- 
motive was constructed. This was built by Richard 
Trevithick with money provided by his cousin Vivian, 
and is here illustrated (on the adjoining page), upon a 
scale of one-eighth of an inch to a foot. 



EABLT LOCOMOTIVES USED UPON PRIVATE LINES 
FOE THE CONVEYANCE OF GOODS AND MINEEAI.S. 

Tkevithick is undoubtedly tlie "father of the 
locomotive " ; he employed high-pressure steam. He 
found by experience that flat wheels had sufiEcient 



Fig. 1.— The First Locomotive, 1803. 

adheaion upon smooth rails, and he conveyed the ex- 
haust eteam from the cylinder to the chimney by 
means of a pipe, which he turned upwards, and dis- 
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covered, by observing the practical result, that the 
blast of steam caused the fire to bum much better ; he 
therefore called it the " blast-pipe." This engine ran 
upon four wheels, 4 feet 6 inches diameter, the boiler 
was 6 feet in length, and contained a return flue-tabe, 
the chimney being consequently at the same end as 
the fire-door; the engine had one cylinder placed 
horizontally, 8 inches diameter, the stroke being no 
less than 4 feet 6 inches. 

On the 24th February, 1804, it was tried upon the 
Penydarran cast-iron plate- way or tram-road, and con- 
veyed trucks containing ten tons of bar iron and about 
seventy persons to Merthyr Tydvil, a distance of nine 
miles. The engine worked satisfactorily from a 
mechanical point of view, but commercially it was not 
regarded as a success, being more expensive than horse 
traction. 

Trevithick does not appear to have followed up 
the development of the locomotive, but left to 
others the perfecting of those excellent principles 
which he introduced and discovered; probably it 
is on this account that he never has received the 
credit to which he was justly entitled for the con- 
struction of the first locomotive which ever ran upon 
rails. 

During the early part of the year 1811, Mr. John 
Blenkinsop, the proprietor of the Middleton Colliery, 
near Leeds, decided to convey the coal over his tram- 
road to that town by means of locomotive engines 
instead of by horses, and gave an order to Matthew 
Murray, an engineer, of Leeds, to commence the 
construction of such an engine. Both Blenkinsop 
and Murray were under the impression that suffi- 
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cient adhesion could not be obtained between 
smooth wheels and smooth rails ; and considering the 
gradients, loads required, and weight of their en- 
gine, which was only intended to be five tons, it is 
probable that their impression was correct. Mr. 
Blenkinsop, in April, 1811, took out a patent for a 
rack-rail and cogwheel driving-gear. The engine was 
completed by Murray, and ran its fi.rst trip upon the 
Middleton line in August, 1812, and at once com- 
menced to convey coal daily from Middleton to the 
wharf at Great Wilson and Kidacre Streets, Leeds, 
the distance being 
about three-and-a- 
half miles. 

The engine was 
named ^' Blenkin . 
sop,'' and ran upon 
four supporting 
wheels of 3 feet 6 
inches diameter, but 
they took no part in 
the driving of the 
engine. The boiler 
contained a flue- 
tube, 20 inches in 
diameter, having 

the fire-grate at one end and the chimney at the other. 
Two cylinders were employed, 8 in. in diameter, the 
stroke being 20 inches ; the cylinders were placed 
vertically half within the boiler. 

The connecting-rods conveyed motion to cranks, 
and hy means of spur-wheels and gear communicated 
motion to the main cog or driving-wheel ; that wheel 




Kg. 2.— "Blenkinflop," 1812. 
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was placed outside the smooth or nmning part of the 
rail^ and engaged with the outside rack on the rail. 
Murray placed the two cranks at right angles to each 
other, thus insuring that one piston was exerting its 
greatest power when the other was at the end of its 
stroke. This engine, and others which followed, 
worked well for many years, and were also a complete 
commercial success. The " Blenkinsop '* evaporated 
eight cubic feet of water per hour, consumed 75 lbs. 
of coal per hour, and was capable of conveying 94 
tons on the level at 3^ miles an hour; its maximum 
speed being found to be about 10 miles an hour with a 
gross load of 20 tons. 

Messrs. Chapman, in December, 1811, obtained a 
patent for a method of working the locomotive 
engine by means of a chain stretched along the whole 
length of a tram-road, and secured at each end ; this 
chain was in connection with a grooved pulley upon 
the engine, consequently when this pulley was put in 
motion, the engine wound itself along the chain ; in 
fact Chapman's chain acted the same purpose as 
Blenkinsop and Murray's rack-rail. Chapman's system 
was tried upon the Hetton Colliery tram-road, near 
Newcastle-on-Tyne, but in a very few weeks proved a 
complete failure. 

Mr. Blackett, of the Wylam Colliery, near Newcastle- 
on-Tyne, encouraged by the fact that Blenkinsop's 
engine was a commercial success and conveyed coal 
at a cheaper rate than horses, decided to make ex- 
periments of his own in the same direction. Mr. 
Blackett and his coal viewer, William Hedley, having 
made themselves acquainted with the working of the 
rack-rail system at Leeds, found that to adopt the 
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PUFFING BILLY," 1813. 



Blenkinsop engine would require the Wylam line 
to be relaid with rack-rails at very great cost. They 
therefore turned their attention to Trevithick's engine 
of 1803 (Fig. 1), and ultimately Mr. Blackett remarked, 
*^ If Trevithick obtained adhesion with smooth wheels 
on smooth rails, I can." To test the question, 
Blackett and Hedley constructed a frame upon four 
wheels provided with spur-gear and cranks to be 
worked by hand, and when this apparatus was tried 
on the Wylam railway, October, 1812, it was found 
that the smooth wheels gave the necessary adhesion. 

Blackett at once gave orders to Hedley to place a 
boiler upon this frame, and attach connecting-rods to 
the hand-cranks ; in fact to turn the test frame into 
a locomotive. Hedley did so, and the new engine was 
tried on the Wylam lino, February, 1813, but it was 
short of steam and proved a failure ; the reason being 
that it was not provided with Trevithick's blast-pipe. 

In spite of this failure Mr. Blackett had great faith 
in steam power, and instructed Hedley to pull off all 
the top part of the engine, and construct a new boiler 
and cylinders. The engine, as rebuilt, was completed 
in May, 1813, and tried on the Wylam line. It had a 
wrought-iron boiler, with a return flue, the chimney 
being placed at the same end as the fire-door (as in 
Trevithick^s engine); it had two vertical cylinders, the 
piston-rods being connected to beams, from which 
motion was communicated to the four smooth driving 
wheels by means of toothed-gear ; the exhaust steam 
from the cylinders was discharged by two blast-pipes 
into the chimney, and it was on account of the 
*' puflGing " noise caused by these blast-pipes that the 
engine was named "Puffing Billy." (Fig. 3). 
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A second engine, similar in every reBpect to Fig. 3, 
was at once built, and was named the " Wylam Dilly." 
Hr. Blackett therefore in 1813 bad two locomotives 
wticli were successful, so far as conveying coal 
cheaper than horse-power, but he had by no means 
arrived at the end of his troubles, as will he seen, 
page 16. 

Mr. Brunton, of the Butterley Ironworks, Derby- 
shire, obtained a patent, in 1813, for a mode of 
accomplishing the locomotion of an engine without 
the aid of the adhesion of the wheels ; it was, in 
fact, a " steam horse," having a pair of hind legs 
actuated by steam cylinders. It is hardly neces- 



Fig. 4.—" Bnmton'a Engine," 1813. 

sary to say that the arrangement proved a complete 
failure. 

During the time that Blackett and Hedley were 
engaged at Wylam, Lord Ravensworth and the partners 
in the KilUngworth Colliery, and their engine-wright. 
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George Stephenson, were anxiously studying the 
suhject at Killingworth. Towards the close of the 
year 1813 Stephenson designed his first engine, and 
was at once entrusted hy Lord Bavensworth and 
partners with money to construct a locomotive for 
their railway. The engine was built at the West 
Moor workshops of the colliery, and after being under 




Fig. 5. — George Stephenson's First Eng^e, 1814. 

construction for about ten months, was placed upon 
the Killingworth railway and tried for the first time 
on 25th July, 1814, being named or generally known 
as " Blucher." (Fig. 5.) 

This engine ran upon four smooth wheels of 3 feet 
diameter, placed at a distance of 5 feet apart between 



Stephenson's first engine. 13 

centres. The boiler was 8 feet long, 34 inches dia- 
meter, having a flue-tube passing through it, 20 inches 
diameter. The cylinders were 8 inches diameter, 24 
inches stroke, and placed vertically, half within the 
boiler. The power of the two cylinders was com- 
municated by cross beams and connecting-rods to 
cranks on the spindles of spur-wheels, which spur- 
wheels in turn actuated the large cog-wheels on the 
engine-axles. The small central spur-wheel was 
employed to maintain the cranks at right angles to 
each other. 

The engine •' Blucher," on the 27th of July, 1814, 
conveyed a train of eight waggons of coal, weighing 
30 tons, up a gradient of 1 in 450, at a speed 
of four miles an hour, and afterwards continued in 
daily work. This engine was not provided with 
springs, and the cog-wheel gear becoming worn, 
Stephenson was entrusted with money to construct 
a second engine ; it was built in 1815, under the 
protection of a patent granted to Stephenson and 
Dodd, 28th February, 1815. 

In this second engine of Stephenson's the connecting- 
rods were attached directly to crank-pins upon the 
wheels, the exhaust steam was discharged into the chim- 
ney by two blast-pipes, and the four wheels were coupled 
together by rods. These coupling-rods, however, were 
not placed upon the crank-pins outside the wheels, 
but two double-cranked axles were employed having 
the cranks at right angles to each other, the two coup- 
ling-rods were therefore placed upon these inside 
cranks, between the wheels. In consequence of one 
of the crank-axles becoming bent, Stephenson aban- 
doned the arrangement of inside coupling-rods, and 
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adt^ted an endless chain passing over a toothed wheel 
upon each axle. 



E^. 6.— George Stephenaon's Killin^wnrth Engine, I8I0. 



STEAM SPRINGS. 



George Stephenson constructed for tte KUlingworth 
railway a third engine (Figs. 6 and 7), which was 



Fig. 7.- 



provided with steam springs, protected by the Losh 
and Stephenson patent of September, 1816. 
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In the illustration (Fig. 6) a portion of the boiler 
side is supposed to be removed in order to show the 
single fire-flue. The steam springs, chain system of 
coupling the wheels, and the blast-pipe are all clearly 
illustrated. 

** Puffing Billy " (Fig. 3) and " Wylam DiUy " 
rested upon four wheels only, and their weight broke 
the Wylam cast-iron plate rails to such an extent, 
that it became necessary to carry half-a-dozen rails 
upon each engine, to replace those which might break 
on the journey. The owners of land in the district 
complained of the noise caused by the blast-pipes, 
and took counsel's opinion whether the lease of the 
land for the colliery railway was not vitiated by the 
noise of the exhaust steam from the chimney frighten- 
ing the cattle grazing near the line. 

To prevent the breaking of the rails Blackett and 
Hedley placed their engines upon eight wheels, and 
in order to pass round the curves they put the wheels 
under two frames ; in other words they placed each 
of their engines upon two four-icheekd bogies ! and 
to overcome the blast-pipe difficulty they placed 
a cylindrical reservoir " S " between the cylinders 
and the chimney, in order that the steam might 
escape gradually and without noise by means of the 
pipe " R/' 

The first of these engines thus altered, or rebuilt, is 
here illustrated as it was in 1815 (Fig. 8). 

The Wylam railway having been re-laid, the 
engines were again returned to four-wheeled locomo- 
tives in 1830. 






"PUFFING billy" rbboilt 1815, 17 

"Puffing Baiy" remained at work upon the Wylam 



Fig. 8.—" PnfBng Billy," ae rebnilt 1815. 
line till 1863, when it was removed to the South 
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KeDBington Museum ; the " Wylam DiUy " is still 
preserved in the Edinburgh Museum. 

The Duke of Portland, in 1817, ordered an engine 
from George Stephenson, similar in every respect to 
Fig. 6, for use upon his Kilmarnock and Troon tram- 
road. The engine worked the coal traffic from the 
collieries to the Troon harbour successfully, but its 
use was afterwards given up, as the cast-iron tram- 
plates proved too weak to carry any engine. 

The owners of Hetton Colliery, near Sunderland, 
having seen the satisfactory working of Stephenson's 
locomotives upon the Killingworth line, decided, in 
1819, to alter their old ''horse tram-road'' into a 
locomotive railway, and they employed George Stephen- 
son as engineer, to lay out the line for them, and to 
construct the engines. At the opening of the Hetton 
railway on the 18th November, 1822, there were five 
of Stephenson's engines at work thereon, similar in 
design to Fig. 6. 



CHAPTER II. 

ENGINES EMPLOYED UPON PUBLIC . RAILWAYS FOR 
THE CONVEYANCE OF PASSENGERS, GOODS, AND 
MINERALS. 

Thus far, it will be observed, locomotive engines had 
simply been employed by private colliery owners for 
conveyance of coal upon their own lines. The Stockton 
and Darlington "Public Railway'* scheme was there- 
fore one of the important turning points in locomotive 
history. George Stephenson was appointed engineer, 
and application was made to Parliament in 1818. Twice 
the bill was rejected, but it passed in 1821, and on 
Tuesday, 27th September, 1825, this, the first public 
railway in the world, was opened for traffic. The 
engine which drew the first train^ and, in fact, the 
only engine the company at that date possessed, was 
constructed by Messrs. Stephenson & Co., for the Stock- 
ton and Darlington line, in 1825, and was named 
"Locomotion." The handbill issued September, 1825, 
announcing the intended opening of the first public 
railway, proudly and emphatically describes " Loco- 
motion " as " The Company's Locomotive Engine and 
the Engine's Tender." 

This engine ran upon four wheels, had one large 
flue, or tube, through the boiler, the cylinders being 
placed vertically and half within the boiler ; the 



20 



DEVELOPMENT OF THE LOCOMOTIVE. 



exhaust steam from the cylinders was discharged into 
the chimney by two blast-pipes, one for each cylinder, 
that one for the left-hand side being plainly shown 
in Fig. 9. The boiler, which was worked at a pressure 
of 25 lbs. per square inch, is 10 feet long by 4 feet 
diameter, and has 60 square feet of heating surface. 
The two vertical cylinders are 10 inches diameter, 
and the stroke 24 inches ; the piston-rods being guided 
by parallel motions. By means of a cross-head and 




Fig, 9.— Stockton and Darlington Railway. "Locomotion," No. 1, 

1825. 



pair of connecting-rods the piston of the front cylinder 
is coupled to the crank-pins upon the leading wheels, 
the other piston being similarly coupled to the trail- 
ing wheels, while outside return cranks on the latter 
wheels enable the two pairs of wheels to be coupled 
with the main cranks at right angles. The wheels are 
4 feet diameter, and the weight of the engine in work- 
ing order is 6 tons 10 cwts. It was built at a cost of 
£600, and its speed was from six to eight miles an hour. 



" locomotion/' 21 

The tender raa upon four wheels of 2 feet 6 inches dia- 
meter, the frame being of wood, upon which is mounted 
a sheet-iron tank holding 240 gallons of water, the 
coal space being 15 cwts. Weight of tender in work- 
ing order 2^ tons. 

" Locomotion " worked upon the Stockton and Dar- 
lington line from 27th September, 1825, to 1841, and 
after its retirement from active service it was placed 
upon a pedestal at the entrance to the North Road 
Station, Darlington, and in April, 1892, it was removed 
to Bank Top, Darlington. It is still in good working 
order, and capable of being put in steam. It headed the 
procession on the opening of the Middlesbrough and 
Bedcar Railway ; it was taken from its pedestal and 
worked upon the Darlington section of the North Eastern 
Railway, at the Stockton and Darlington Jubilee, Sept- 
ember of 1875 ; it was sent tothe Philadelphia Exhibition 
of 1876, to the " Stephenson Centenary " of 1881, the 
Livei'pool Exhibition of 1886, and it engaged very con- 
siderable attention at the Paris Exhibition of 1889. 

The following is a copy of the official list of the 
early Stockton and Darlington locomotives, dated 
1833 :— 

No. Name of Engine. Date. Designed by Name of Builder. 

1 Locomotion. . . . 1825 Stephenson & Co. Stephenson & Co. 

2 Hope 1826 „ „ 

3 Black Diamond. „ „ ,, 

4 Diligence „ „ ,, 

5 Royal George* . 1827 T. Hackworih . . Rebuilt RlwayCo.'s 

Works, Shildon. 

6 Experiment. . . . 1826 Stephenson & Co. Stephenson & Co. 

7 Rocket 1829 „ ,, 

8 Victory ,, T. Hackworth . . . Railway Co.*8 

Works, Shildon. 

♦ No. 5 was built by Messrs. Wilson & Co., 1826, and rebuilt by 
the Company's locomotive foreman, T. Hackworth, October, 1827. 
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No. Name of Engine. Date. Designed bjr Name of Boilder. 

9 Globe 1830 T. Hackwoiih . . StepheoBoii & Go. 

10 Planet ,, Stephenson & Go. ,, 

11 North Star ....,• ,, ,, 

12 Majestiu 1831 T. Hackworth . . Railway Go.*8 

Works, Shildon. 

13 Coronation .... „ *» Hawthorn & Go. 

14 William IV „ „ Railway Go.'s 

Works, BhUdon. 

15 Northombrian.. ,, »» Railway Go.'s 

Works, Shildon. 

16 Director 1832 „ Stephenson & Co. 

17 Lord Brougham ,, ,, Railway Go.'s 

Works, ShQdon. 

18 Shildon „ „ Railway Go.'s 

Works, Shildon. 



19 Darlington .... „ ,» Hawthorn & Co. 

20 Adelaide ,, „ Stephenson & Co. 

21 Earl Grey „ „ Hawthorn & Co. 

22 Lord Durham. . „ ,. Stephenson & Co. 

23 Wilberforce „ „ Hawthorn & Go. 

24 Magnet ,, „ Railway Go.'s 

Works, Shildon. 

25 Enterprise 1833 Kitching Hitching. 

26 Swift „ Hawthom&Gc. Hawthorn & Co. 

Following the opening of the Stockton and Darling- 
ton Eailway, Stephenson constructed for it three other 
engines of similar design to ** Locomotion ; '' they were 
named "Hope/' "Black Diamond/' "Diligence;'' 
and Mr. Timothy Hackworth, who had been a fore- 
man at Stephenson's Works, Newcastle, was trans- 
ferred to the Stockton and Darlington Railway 
Company's engine-shed at Shildon and became engine 
superintendent. 

During the early part of the year 1826, Messrs. 
Wilson & Co., of Newcastle, designed and constructed 
an engine. No. 5, for the Stockton and Darlington 
Bailway, and as that firm considered outside 
coupling-rods an objection, they placed their engine 
upon four wheels, and employed four cylinders, two 
to each pair. Thus the locomotive had two pairs of 
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independent driving-wheels, a plan more recently used 
upon the North-Westem Railway. 

Messrs. Stephenson & Co., early in the year 1826, 
designed and built " Experiment," No, 6 (Fig. 10), for 
the Stockton and Darlington line. 

ThiB engine had six coupled wheels, and outside 
inclined cylinders, 9 inches diameter ; stroke 24 inches ; 
wheels 4 feet diameter, boiler 10 feet long by 4 feet 
diameter. The boiler contained two fire-flue tubes, IS 
inches diameter. The exhaust steam was conveyed 
from the cy- 
linders to the 
chimney by two 
blast-pipes, one 
ior each cylin- 
der. 

"Twin Sis- 
ters" (Fig. 11) 
was built by 
Stephenson & 
Co., in 1827, 
as a contrac- 
tor's locomotive at the making of the Liverpool and 
Manchester Railway, and as it was required to work 
over very severe temporary gradients it was considered 
best to construct it with twin boilers, in order to 
insure that water should at all times cover the tops of 
the fire-boxes. 

This engine ran upon six coupled wheels of 4 feet 
diameter, the cylinders being placed outside, in an 
inclined position ; two blast^pipes were employed, one 
for each cylinder. After the completion of the Liver- 
dool and Manchester Railway, "Twin Sisters" became 



"Fig. 10.— Stockton and Darlin^n, No. 6, 
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known aa th& " Liverpool Coke Engine," from the 
fact that it was employed to work trains of coke 
to that city for Mr. Holton, who contractecl to sap- 
ply the railway com- 
pany with locomotive 
fuel. 

The four-cylinder 
engine, No. 5, for the 
Stockton and Darling- 
ton Railway (men- 
tioned on page 22), 
having worked very 
unsatisfactorily, and 

also havine been very „ „ . „. , 

, f , .■' Fig.ll.— "T«in8Utei»,"BaIUat 

senously damaged in Engins, 1827. 

a collision at Stock- 
ton, Timothy Hackworth, in 1827, obtained the autho- 
rity of the directors to remodel and rebuild it. The 
boiler was 13 feet long, and 4 feet diameter, and 
into this Hackworth 
introduced a return flue- 
tube, similar to those 
previously employed by 
Trevithick and by Hed- 
ley. 

The engine thus re- 
built at the Company's 
Shildon Works was 
named the "Royal 
George," No. 5, and 
commenced work October, 1827. (Fig. 12.} 

The " Royal George " had six coupled wheels of 
4 feet diameter, outside vertical cylinders 11 inches 
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diameter, the stroke being 20 inohee. Tte fire-door 
and chimney were both at the same end, consequently 
two tenders were provided, one at each end of the 
engine ; the exhaust steam was discharged into the 
chimney by one blast-pipe for both cylinders. 

The maximum performance of the " Royal George" 
was drawing 03 waggons of coal weighing 130 tons 
at five miles an hour on the level and nine miles an 
hour on falling gra- 
dients. Weight of en- 
gine and its two ten- 
ders in working order, 
15 tons. The " Royal 
George" worked 
regularly upon the 
Stockton and Darling- 
ton line from 1827 to 
1842. 

Stephenson & Co. 

in 1828 constructed a 

-r.- .„ , . . «^, , „■■, ., four-wheeled coupled 

aitd Leigh Bitilwaf, 1328. engine named the 

"Lancashire Witch," 

for the Bolton and Leigh Railway. (Fig. 13.) 

Cylinders 9 in. diameter. 

Stroke 24 in. 

Ditunet«T of irheeLi 4 ft. 

Boiler B ft. long. 

Boiler 4 ft. diameter. 

The boiler contained two flte-tubes or fluee 1 ft. S ia. diameter. 

Heating surface of flnei 66 aq. feet. 

Four- wheeled tender. 

The " Lancashire Witch " was employed first as a 
ballast engine at the construction of the Bolton and 
Leigh line, and it was found by experiment that this 
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engine conveyed 58 tons up a gradient of 1 in 432 at 




a speed of 8^ miles an hour ; it afterwards continued to 
work traffic for several years. 
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Early in the year 1828 the Delaware and Hudson 
Canal Company, having heard of the success of the 
Stockton and Darlington Railway, sent over Mr. Horatio 
Allen to England with instructions to obtain infor- 
mation and purchase rails and four locomotives. He 
gave an order to Messrs. Foster, Bastrick & Co., 
of Stourbridge, for three, also to Mr. Stephenson for 
one. 

Stephenson's engine was named " America " ; it was 
built in 1828, and arrived in New York, on board 
the ship " Columbia,'* about the middle of January, 
1829. It was the first railroad locomotive ever seen 
in America, and is here illustrated. (Fig. 14.) 

The following is the copy of the official description 
of locomotive engine " America," built by R. Stephen- 
son & Co. for the Delaware and Hudson Canal Com- 
pany, to the order of Mr. Horatio Allen, 1828, and 
No. 12 in the books of the makers : — 

Ft. Idb. 

* Diameter of boiler 4 1 

I^ength „ „ 9 6 

Dimensions of fireplace . . . 4ft. Oin. hy S 

Diameter of steam cylinders .... 9 

Length of stroke 2 

Size of chimney 18 

Size of hot-water pmnp 1 J 

Length of pump stroke 2 

"Wheels (wood) diameter . . . . . 4 

Number of wheels 4 

Angle of cylinders to the horizontal 33° 

Size of tubes 17 

Number of fire tubes 2. Tubes were straight. 

Some persons have contended that the iron-bar- 
framing in general use in the United States was an 
American invention, but reference to the illustration, 
Fig. 14, proves conclusively that the "bar-frame'* 
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was sent from this country. Although Stephenson's 
engine was the first to arrive, it was not the first fo be 
run. 

Messrs. Foster & Rastrick's engine, the "Stour- 
bridge Lion'' was built 1828, and arrived in New 
York May, 1829, but neither of the engines for 
America could be put to work for some months as the 
railway was not completed. Messrs. Foster & Rastrick's 
engine, the " Stourbridge Lion," was the first locomo- 
tive which ever ran upon rails in America ; it was 
tried for the first time on 9th August, 1829, being 
driven by Horatio Allen upon a section of the Delaware 
and Hudson Canal Company's Railroad. The " Stour- 
bridge Lion " was exactly similar to Fig. 15, but with 
a much shorter chimney. It is still preserved, and 
was exhibited at the Chicago Railway Exposition of 
1884. 

Messrs. Foster, Rastrick & Co. in 1829 constructed an 
engine (Fig. 15) for the Shutt End Railway, which 
extends from the Earl of Dudley's Colliery at Kings- 
winford, to the Staffordshire and Worcestershire Canal 
this locomotive was named " Agenoria," and opened the 
line on Tuesday, June 2nd, 1829. 

This engine has upright cylinders working half 
beams^ thus reducing the stroke of the pistons to the 
cranks. The cylinders are 7^ inches diameter, with a 
stroke of 3 feet. There is a parallel motion to the 
piston-rod, and the feed-pump is worked from one of 
the half beams. The fire-grate is within a large tubular 
boiler, branching into two tubes, with the chimney at 
the end of the boiler, the barrel of the boiler being 10 
feet long and 4 feet diameter. The eccentrics for 
driving the slide-valves are loose upon the axle, with a 
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clutch to drive either way, and there is hand-gear to 
the valves to cause the axlo to turn half round to bring 
the required backward or forward clutch into action. 
The exhaust steam ia discharged into the chimney, 



Fig. 15.— " Agenom," Shntt End Eailwaj, 1829. 

which, it may be mentioned, is of unusual height. 
"Agenoria" continued in regular work for fully 3D 
years, and is now preserved in the South Kensington 
Museum. 

The Liverpool and Manchester has been truly 
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designated ''The Grand British Experimental Bail- 
way/' George Stephenson was appointed engineer, 
and the line was publicly opened 15th September, 
1830. 

Some time previously to the opening the question of 
locomotive or fixed engines and ropes naturally came 
before the directors, as it was necessary to arrange for 
"power" to work the traffic; they therefore decided to 
employ Messrs. Walker and Hastrick, engineers, to 
make a tour of inspection to examine all the railways 
then at work ; but, notwithstanding the reports, the 
directors did not feel able to come to a decision, when 
one of their number, Mr. Harrison, proposed " that a 
reward be publicly offered for the most likely mode of 
effecting their object,'' and it was resolved to offer a 
prize of £500 for the best engine. 

The trial took place on the Manchester side of 
Rainhill Bridge, upon a level portion of the line, and 
lasted from the 8th to the 14th October, 1829. Three 
engines competed for the prize, namely : 

The " Booket " by G. and B. Stephenson. 

The " Novelty '* . . . . by Braithwaite & Ericsson. 
The " Sanspareil " . . . . by T. Hackworth. 

Each locomotive was required, to run ten trips over 
the trial ground, equal to a journey of thirty -five miles, 
at full speed, the average rate to be not less than ten 
miles per hour. At the end of the first ten trips each 
engine was to be got ready again, and to repeat the 
test, the object being to prove that the engine would 
be able to perform a journey from Liverpool to Man- 
chester and back. 

The "Rocket'' (Fig. 16) satisfactorily performed 
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all the testa required by the judges, and the prize 
was conBeqnently awarded to Mesars. Stephenson. 



Vig. IS. — '■ Socket," LiverpoorandMJuiohesteTBailwaf, 1S29. 
The dimensioQB of the " Rocket " were as follows : — 

CjUnders, diameter 8 in. 

Cylindera, stroke 161 in. _ 

BriTing-wheeli, diameter . . . , 4 n. 8^ in. 

Boiler 6 ft. Icmg. 

Boiler . . 3 ft. 4 in. diameter. 

Preatore of steam in the boiler , , 50 Iba. per eq. incli. 

Fire-box 2 ft. long innde. 

Fire-box 3 ft. broad inside. 

Fire-box 3 ft. deep inside. 

Tubes, namber 25. 

Tubes, diameter 3 in. 

Tubes, hesting surface 117'75sqnBre feet. 

Fire-box, beating BuHitce 20 square feet. 

Total 137-To square feet. 

Area of flra-grate 6' aquare feet. 

Weight of engine in working trim 4 tons 6 cots. 

Weight of tender, loaded , . , . 3 tons 4 cwte. 

Total 7tons9owtg. 

The maximum speed attained by the "Rocket " at the 
Rainhill trials was 29 miles an hour. This engine, 
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although crude in appearance, possessedL all those 
essential features which are necessary to the success of 
a locomotive — namely, the tubular boiler, direct con- 
nection between the piston and the crank-pin on the 
driving-wheel, and blast-pipes in the chimney, there 
being one pipe for each cylinder, as in the engine of 
1815, and the "Locomotion" of 1825. It will be 
observed that so little progress had the locomotive 
engine made in public favour, that even in the year 1829 
the directors of the Liverpool and Manchester Railway 
were divided in opinion as to fixed engines and ropes, 
horses and locomotives, and had not the locomotive 
engine proved itself a success at Rainhill, the result 
would have been the introduction of other means of 
working that line. It will therefore be seen that 
although George Stephenson was not, and of course 
never claimed to be, the inventor of the locomotive, still 
he it was who in 1829, at Bainhill, settled the question 
and made the locomotive a practical success, and there- 
by led to the introduction of railways throughout the 
world. It is hardly necessary to mention that the 
celebrated " Rocket " is preserved in the South Ken- 
sington Museum, and it may be added that the 
"Rocket" and " Sanspareil " have lately been placed 
upon some of the old original Liverpool and Man- 
chester rails of 1829 which have been presented to 
that institution by the author for the purpose, 
and the full-sized models of these engines at the 
Chicago Exhibition will also stand upon similar old rails. 
The " Novelty," constructed by Messrs. Braithwaite 
and Ericsson, ran upon four wheels, and had a com- 
bined vertical and horizontal boiler ; and bellows were 
employed to force air through the fire. In this engine, 
motion was communicated from the piston-rod to the 
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wheels by means of a bell-cranlc. The "Novelty" 
broke down aad failed at Raiabill. 



The "Sanspareil " waa designed and constructed by 
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Timothy Hackworth, the engine superintendent of the 
Stockton and Darlington line, for the Bainhill competi- 
tion. It ran upon four coupled iirheels of 4 feet 6 inches 
diameter. The hoiler was 6 feet long, and 4 feet 2 
inches diameter, containing a return flue-tube, the 
chinmey being placed at the same end of the engine 
as the fire-door. The cylinders were 7 inches diameter, 
and the stroke 18 inches, placed vertically one on each 
side of the boiler, immediately above one of the pairs of 
wheels; the exhaust steam from the cylinders was 
discharged into the chimney by a blast-pipe, similar to 
that of Trevithick's 1803. 

When the " Sanspareil " was brought forward for 
trial at Bainhill, the judges found that it did not com- 
ply with the conditions issued, being of greater weight 
than was to be allowed to be placed upon four wheels, 
the engine therefore should have been upon six wheels. 
Strictly speaking, it was considered that Hackworth's 
engine was therefore excluded from competing for the 
prize, but the judges wisely decided to put the engine to 
the same trial as the others. However, it broke down 
and failed to obtain the prize. The "Sanspareil** 
worked upon the Bolton and Leigh Bailway until 1844, 
and is now placed in the South Kensington Museum. 

At the conclusion of the Bainhill trials and the victory 
of the " Bocket," Stephenson received orders to build 
seven other engines, to be ready for the opening of the 
Liverpool and Manchester Bailway. They were con- 
structed during the year 1830, and were very similar 
in design to the Bocket ; they were named " Meteor," 
"Comet,'* "Arrow,** "Dart,*' "Phoenix,'* "North Star," 
and " Northumbrian ;" they all had outside cylinders 
and the driving wheels in front. 



The Canterbury and Whitatable Eailway was opened 
on the 3rd May, 1830, the first train being worked by 
the Oompany's only h>oomotiTe, which had been built by 
Stephenson & Co., and was named " Invicta." {Fig.18.) 



Cylindera 10 ins. d 

Stroke 18 ina. 

Boiler .. 10 ft. long. 

Boilu- 3 ft. 1 ua. diam. 

PrMSUre 40 lbs. per square iacb. 

Wheels 4 ft. diameter. 

Wheel-base 6 ft. 

The boiler coatoinB a flue-tabe 20 inches diam. 
The tender run on four irheelB. 

This ancient engine is 
preserved by the South- 
Eastern Eailway Com- 
pany at its Afihford 
Works ; it was sent to 
the Darlington Jubilee, 
1875, and to the George 
Stephenson Centenary, 
1881. 

The Liverpool and 
Manchester Railway was 
opened on the ISth 
September, 1830, upon 

„, . ■ ■ iL n ^e- 18.— " Inviota," Canterliury 

Which occasion the KjOTO- and Whitstable Bailway, 1830. 
pany's eight engines and 

trains, and about 600 people, started in a procession 
from Liverpool in the following order :^ 

NamB ol EagiD*. Driven b; 

"Northumbrian" Gboi^ StepheneoQ. 

"Phcenii" .. , Robert Stephenson. 

"NorthStar ' ., R. Stqihensoa, Senr. 

(broUier of Gioorgp). 

"Booket" Joseph Looks. 

'•Dart" Thomas I.. Qoooh, 
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Kime of EngliM, Srlrmlif 

" Comet" Williwn Allostd. 

"Arrow " Fredcriok Swanwick. 

"Meteor" Anttiony Harding. 

Therefore the engine vbich opened the LiTerpool and 
HsDcheBter Railway- 
was the " Northum- 
brian " (Fig. 19). 

The engine, it will 
be observed, had a 
smoke-box, and the 
cylinders were placed 
outside, nearly horizon- 
tally, the driving- 

Fi,. 19.-"N.nl,umW..." S.. ., "l"}'- " i"> «!>« 
L. & M. Bj., 1830. " Kocket and eix 

other engines named, 
wtre placed in front. The "Northumbrian" bad — 

Cylinders II inj. dumeteT. 

Stroke lOing. 

Driving-wliMla 6 ft. diameter. 

Total heatiog iotface ill'l-i eq. ft. 

Weight in working order 7 toiu 6 owt. 3 qrs. 

Weight on driving wheels 4 toni 1 qr. 

On the opening day, when Mr. Huskisson was 
knocked down and run over at Parkaide by the 
"Rocket," he was conveyed by the " Northumbrion " 
to £cc1es, 15 miles iu 25 minutes, or 36 miles an hour. 
On 16tb September, 1830, when the regular traffic of 
the line commenced, the "Northumbrian " conveyed a 
train of 130 passengers from Liverpool to Manchester 
(Liverpool Road Station), a distance of 30 miles, in an 
hour and fifty minutes. 

The following is a copy of the Company's official list 
of engines to the year 1834 :— 
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Towards the close of the year 1829 Stephenson 
completed the design for a new engine for the Liver- 
pool and Manchester Railway, and it was placed upon 
that line on the 4th October, 1830. 
^ This engine — the " Planet " (Fig. 20) — waa a striking 
improTement upon all Stephenson's previous ones. The 
cylinders were placed " inside " under the onoke-box, 



rig.20.— "Bsnot," No. 0, Liverpool asd Manchester Bailway, 1830. 

the driving-wheels were at the trailing end, and a 
double- cranked axle was employed, similar to one of 
those previously uaed for coupling the engine of 1815. 
The bar-frame is here abandoned, and an oak-frame 
employed, plated on both sides with iron : the framing 
and the axle-boxes were outside the wheels. 

Cfliaders, 11 ina. diameter; Stroke, 16 ing. ; Betvoeii cenlreB ot 
cylinderi, 3 ft. 6} ins. ; Leading itheeli, 'i ft, diameter. ; DriTi&g 
vheeli, A ft. diameter. 
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Boiler • . . . ^ 6 ft. 6 ins. long. 

Boiler 3 ft. diameter. 

129 tubes If inches. 

Heating surface of tubes . . . . 370*41 square feet. 
„ „ firebox .. .. 37*25 „ 

Total 407*66 „ 

Area of fire-gprate 6*50 ,, 

Weight in working trim . . . . 8 tons cwts. qrs. 
On driving wheels 5 „ 2 „ 2 „ 

This engine had also the usual four-wheeled tender, 
which weighed 4 tons fully loaded. 

On the 23rd November, 1830, the " Planet " worked 
a special train to convey voters from Manchester to 
Liverpool for an election ; the official report states that 
" the time of setting out was delayed, rendering it 
necessary to use extraordinary despatch, in order to 
convey the voters to Liverpool in time '* — the journey 
was performed in 60 minutes, including a stop of two 
minutes on the road for water. 

On Saturday, 4th December, 1830, the "Planet" 
drew a mixed train of passengers and goods weighing 
76 tons (exclusive of the weight of the engine and 
tender) from Liverpool to Manchester in 2 hours 64 
minutes, including three stoppages of 5 minutes each 
for water and oiling. This train ran at a rate of 16 J 
miles an hour down the Sutton incline, and its greatest 
speed on the level was 15J miles an hour. 

From another official report it is found that between 
16th September and 7th .December, 1830, the Com- 
pany's engines conveyed 50,000 passengers, and ran a 
distance of 28,620 miles, or 954 trips between Liver- 
pool and Manchester and back. 

The *' Mercury " No. 11 (Fig. 21) was constructed 
by Stephenson & Co., December, 1830 ; it was of the 
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" Planet*' type, but with the improvement that the 
frame was raised so as to be above the driving-axle. 

Stephenson's " Planet *' class of engine^ as developed 
in the "Mercury," became the standard pattern of 
English four-wheeled locomotives, and was copied in 
America and other countries shortly afterwards. In 
December, 1833, a small pair of trailing wheels was 
added behind the fire-box, and the " Mercury " became 
a six-wheeled locomotive. 

During the year 1830 Mr. Edward Bury, engineer, of 

Liverpool, in- 
troduced his 
afterwards 
well - known 
class of four- 
wheeled en- 
g i n e, in 
which he em- 
ployed the 
bar arrange- 
ment of fram- 
ing, which is 
in general use 
to this day in 
America; and 
Timothy Hackworth placed the "Globe" upon the 
Stockton and Darlington Railway having an inside 
frame, inside cylinders and four coupled wheels. 

For the first few months after the opening of the 
Liverpool and Manchester Eailway, some mixed trains 
of passengers and goods were run daily, drawn by the 
"single" engines of the "Rocket" and "Planet" 
classes ; but as the goods traffic gradually increased it 




Fig. 21.— ** Mercury," No. 11, Liverpool and 
Manchester Railway, December, 1830. 
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became necessary to work goods trains, and Messrs. B. 
Stephenson & Co., in January, 1831, placed upon the 
line two goods engines which "had been specially 
constructed and were described as of extraordinary 
power ; " they were named " Samson/' No. 13 (Fig. 22), 
and " Goliath '' (No. 15). 

It will be observed, that practically the "Samson" 
and " Goliath " were a four-wheeled coupled develop- 
ment of the " Mercury " (Fig. 21), having cylinders 14 
inches diameter, 



K^ 




16 inches stroke, 
and coupled wheels 
4 feet 6 inches 
diameter. Total 
heating surface 
457*10 square feet ; 
weight of engine 
in working order 
10 tons. 

The "Samson," 
on 25th February, 
1831, "accom- 
plished the great 
feat," it is officially 
recorded, of conveying a goods train of 164 tons (exclu- 
sive of weight of engine and tender), from Liverpool 
to Manchester in two hours and a half — ^the maximum 
speed being 20 miles an hour, and the consumption 
of coke was reduced to about a third of a pound per 
ton per mile. 

During the time the "Samson" and "Goliath" 
were under construction, another engine of the same 
class was built by Stephenson for the Hudson and 



Fig. 22.— ** Samson," No. 13, Liverpool 
and Mancliester Railway, January, 1831. 
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Mohawk Railway, U.S.A., named " John Bull," and it 
was sent to America in 1831. 

The Glasgow and Garnkirk Bailway was opened in 
1831, the first train being drawn by the Company's 
engine named '^ George Stephenson,'' which had been 
constructed at Newcastle, and was driven by Mr. 
George Stephenson upon that occasion. 

This engine had cylinders 11 by 16 inches ; coupled 
wheels 4 feet 6 inches diameter ; wheel base 4 feet 9 

inches. Boiler pros* 
sure 50 pounds per 
square inch. 

The directors of the 
Monldand and Kirkin- 
tilloch Railway (near 
Glasgow), at the be- 
ginning of the year 
1831, instructed their 
engineer, Mr. Dodds, 
to make out a plan and 
specification of two 
locomotive engines, 
able to drag 60 tons 
gross weight at the 
rate of four or five miles an hour. The engines were 
built by Messrs. Murdoch and Aitken, Hill Street, 
Glasgow, the first being tried on the line on May 10th, 
1831, and the second on September 10th, 1831. An 
o£Bcial report issued to the shareholders stated that 
the engines were satisfactory. 

On January 4th, 1831, the Baltimore and Ohio Rail- 
road Company ofiered 4,000 dels, premium for the best 
American locomotive of 3 J tons weight, which should 




Fig. 23.—" George Stephenson/' 
Glasgow and Gamkirk Bailway, 
1831. 
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draw 15 tons at 15 miles an hour on a level. The 
boiler was to use as fuel anthracite coal ; it was to have 
four wheels, coupled together, 4 feet between centres, 
in order to pass around curves of 400 feet radius. The 
steam pressure was not to exceed 100 lbs. to the- square 
inch above the atmosphere. The locomotives were to 
be delivered for -trial upon the road, on or before June 
Ist, 1831, and the sum of 3,500 dels, waste be paid for 
the locomotive which should be adjudged to be best. 

Three or four locomotives were entered for competi- 
tion ; the prize was awarded to Messrs. Davis and 
Gartner, of York (Pennsylvania), whose engine was* 
named the " York.'* The locomotive had a vertical-flue 
boiler and vertical cylinders, with four coupled wheels, 
30 inches in diameter. It was altered considerably 
after being placed on the road. 

The same firm afterwards built another locomotive, 
named the '^ Atlantic,'' being the first of what was 
known as the " Grasshopper '* pattern, which was used' 
for many years on the Baltimore and Ohio Railroad, 
and some of which engines were in use on that road as 
recently as 1883, and a few continued in service for a 
period of fifty years. 

During the year 1831, the directors of the Leicester 
and Swannington Railway gave an order to Messrs. B. 
Stephenson & Co. for two locomotives. The first of 
these was named " Comet," being No. 4 in the list of 
the makers, and No. 1 in that of the railway company. 
It was ishipped by sea from Newcastle to Hull, thence by 
canal to Leicester, where it was.put upon the rails and 
ran its first trip 5th May, 1832, and after doing some 
preliminary ballasting, it worked the train, upon the 
opening of the line, from West Bridge, Leicester, to 
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Bagworth^ driven by George Stephenson himself, as- 
sisted by his son Kobert, and the regular driver 
Weatherburn. 

The cylinders were 12 by 16 inches^ the coupled 
wheels 5 feet diameter^ and the wheel-base 5 feet 3 
inches ; total length of engine frame 16 feet. 

The cylinders were placed low down, the piston- 
rods passing under the leading axle, and the valves 
were placed upon the tops of the cylinders. 



ri 




Fig. 24. — ** Comet," No. 1, Leicester and Swanmngton Railway, 

May, 1832. 



The valve-gear consisted of a single eccentric for 
each valve, loose upon the driving-axle, motion being 
communicated by means of studs or " drivers." These 
*' drivers '* were fixed to the crank-axle by collars. 
When the eccentrics were half-way between the 
two collars, the axle turned without communicating 
any movement to them, and the engine was out of 
gear. 

By means of a " treadle " upon the foot-plate, the 
engineman moved the eccentrics lengthways upon the 
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axle, causing them to engage with either the forward 
or backward "stud '* at pleasure. 

The starting or reversing of the engine was accom- 
plished by the engine-driver opening the regulator, 
and placing his foot upon the " treadle " in order to dis- 
engage the eccentrics from the " stud ;" another handle 
enabled him to lift up the small ends of the eccentric* 
rods, after which he took hold of the two valve levers 
on the foot-plate, and by moving them backwards and 
forwards admitted steam to the cylinders by the hand- 
gear; when the engine was fairly started, he by 
means of the treadle caused the eccentrics to engage 
with the opposite " stud *' and it continued to actuate 
the valves ; it therefore follows that the handles of the 
reversing gear upon the foot-plate were constantly 
moving backwards and forwards during the time the 
engine was in motion. 

The rod of the tender brake passed in a tube through 
the water tank, and the handle could only be reached 
by climbing upon the coke. 

The ehimney of the " Comet,'* when constructed, 
was 13 feet in height from the rail level ; but it was 
knocked down in the Glenfield Tunnel on the opening 
day, and was afterwards reduced to 12 feet 6 inches. 

The weight of the " Comet '* in working order was 
9 tons 9 cwts. 2 qrs,, and of the tender fully loaded 
3J tons. In December, 1836, it was sold and sent to 
be a ballast engine at the making of the London and 
Birmingham Railway. 

Full particulars relating to this engine are given in 
the annexed copy (see folding plate) of the Company's 
locomotive list, drawn up by Mr. John Nicholson, the 
engine superintendent, in 1839. 
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The second engine built by Messrs. Stephenson for 
the Leicester and SwanningtoQ Railway was the 



" Phffinix," delivered " in steam " at Leicester, 28th 
August, 1832. 

The springs of "Phoenix" (Fig. 25) were of the 
Grasshopper pattern *, but the ezpetiments made by 
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Mr. Cabry, the Company's engine superintendent, 
showed that they possessed no advantages, and that 
pattern of spring was therefore not repeated. 

In December, 1836, the " Phoenix '* was sold and 
sent to the Birmingham and Gloucester Railway Com- 
pany, to be used as a ballast engine at the making of 
that line. 

Towards the close of the year 1831, and during the 
year 1832, several new engines were placed upon the 
Stockton and Darlington Eailway numbered from 12 
to 23 (see list, pp. 21, 22). They had boilers with 
either return-flues or return-tubes, and two tenders. 
No. 23 is iUustrated (Fig. 26) . 

The '* Wilberforce,'' No. 23, was designed by T. 
Hackworth, and constructed by Messrs. R. & W. 
Hawthorn for the Stockton and Darlington Railway, 
1832. The chimney and fire-door were both at one 
end of the engine, the cylinders were placed vertically, 
and the connecting-rods attached to an intermediate 
crank. The cylinders were 14f inches diameter, the 
stroke 16 inches in length, and the wheels 4 feet dia« 
meter. With coal trains the engine burnt about 
681b. of coal per mile. The fire-basket, which did 
duty for a head or tail lamp, is shown at the back of 
the water-tender. 

Mr. Edward Bury, of Liverpool, who afterwards 
became head of the well-known firm of Bury, Curtis, 
and Kennedy, and ultimately the locomotive super- 
intendent, of the London and Birmingham Railway 
was an engineer who took an important part in the 
early history of the locomotive, and he introduced several 
features which deserve to be placed on record. Mr. 
Bury became a locomotive builder shortly after the 
opening of the Liverpool and Manchester Railway. 
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He approved of the " bar- framing," of a circular fire- 
box, with the top of the fire-box casing formed in 
a large dome, and arranged the tubes in curved rows 
instead of straight ; ho also built up the wheels, the 
spokes being attached by screw bolts to the rim and the 
boss. Mr. Bury was the leading and most powerful 
advocate of the four-wheeled engine. He contended 
that it was less costly than that on six wheels, that it 
could be got into less space, was lighter and safer, as 
in his opinion it adapted itself better to the rails. The 
question of four versus six wheels engaged constant 
attention between the years 1832 and 1854 ; the com- 
petition was extremely severe, but ultimately Mr. Bury's 
" four-wheeled theory " was proved to be erroneous. 

His first engine, named " Dreadnought," was built 
1830, it was tried on some English lines experiment- 
ally, and in 1831 it was renamed "Liverpool" and 
went to America to the Petersburg Railroad, where, 
afterwards, it appears to have been known or re- 
named " Spitfire." 

The Liverpool and Manchester Railway Company's 
list (see p. 37) shows that in 1832 Mr. Bury built 
one of his engines, the " Liver," No. 26, for that line, 
having cylinders 11 by 16 and 5 feet driving-wheels. 

Messrs. Galloway, Borman & Glasgow, in 1832, 
constructed an engine for the Liverpool and Man- 
chester Railway (Fig. 27) ; it ran upon four wheels of 
. j,5Jee ^;4tameter, coupled, and as the makers disapproved 
^"'^^Ee usuSl'^ " cranked-axle," they placed the cylin- 
ders vertically in front of the smoke-box. 

The engine was not successful, and after running 
off the rails upon several occasions, was rebuilt with 
inside cylinders and a cranked-axle. 



AN AMERICAN ENGINE, 



Fig. 38 illustrates an old locomotive engine, named 
"Ironeides," built for the Philadelphia, Germantown, 
and Norria- 
town Railway 
Company. It 
is of interest, 
being the first 
railroad loco- 
motive con- 
structed by 
Mr, Baldwin, 
the founder of 
the now famous 
"Baldwin 

Locomotive Works," Philadelphia, and it was com- 
pleted and ran a trial trip on November 23rd, 1832. 



Fig. 27.- 




Ironsidefl," an American Engine, November, 1S32. 



It will be seen that the " Ironsides" was a four-wheeled 
engine modelled essentially on the English practice 
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of that time, and was very similar to the "Planet'* 
and " Mercury "class introduced upon the Liverpool 
and Manchester Railway by George Stephenson, in 




1830 ; the cylinders being 9J inches diameter, 18 
inches stroke, and the driving-wheels 4 feet 6 inches 
diameter. 
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In August, 1832, Messrs. R. Stephenson & Co. 
commenced the construction of two locomotives for 
the Leicester and Swannington Railway. These had 
cylinders 14 inches diameter, 18 inches stroke, and 
four coupled wheels of 4 feet 6 inches diameter, the 
wheel-base being 4 feet 9 inches, and the total length 
of the frame 17 feet. The first of these engines was 
named "Samson" (Fig. 29), and commenced work 
at Leicester, on 1st January, 1833 ; the other, 
" Goliath,'' followed 20th March, 1833. 

One of the first events in the history of the " Sam- 
son" was that it ran into a horse and cart crossing the 
line at Thornton, the cart being loaded with butter 
and eggs for the Leicester market. The engine- 
driver had but the usual "horn," and could not 
attract attention. Mr. Ashlen Bagster, the manager 
of the railway, went the same day to Alton Grange to 
report the circumstance to Mr. George Stephenson, 
who was one of the directors and the largest share- 
holder. After various ideas had been considered, Mr. 
Bagster remarked : " Is it not possible to have a 
whistle fitted on the engine which steam can blow?" 
George Stephenson replied, "A very good thought, go 
and have ono made," and such an appliance was at 
once constructed by a local musical instrument maker. 
It was put on in ten days, and tried in the presence 
of the board of directors, who ordered other trumpets 
to be made for the other engines which the company 
possessed. The following illustration (Fig. 30) is a 
copy of the official drawing. 

The accident at Thornton was therefore the origin of 
the steam whistle, and the bell whistle, as we now have 
it, is an improvement upon the trumpet. When new 
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the " Samson '* and " Qoliatli " had iron fire-boxes 
and copper tubes. These tabes were found to wear 
out very quickly, and the author has read corres- 
pondence addressed by Mr. Cabry to the makers, 
showing that within four months copper tubes were 
bursting and delaying the trains, and during the 

[Copt.] 
* LEICESTER AND SWANNINGTON RAILWAY. 




Height, 1 ft. 6 in. ; diam. of top, 6 in. 

Engine Superintendent's Office, Leicester. 

{Signed) Henbt Cabbt. 

May, 1833." 

Fig. 30.— The Steam Trumpet. 

Bttmmer of 1833 brass tubes were substituted in these 
engines. 

During the year 1833 the portion of the Leicester 
and Swannington Railway extending from the top of 
the Swannmgton to the top of the Bagworth incline 
was opened by the " Samson " (Fig. 29), driven upon 
the occasion by Mr. Robert Stephenson. 

It was very soon found in practice that the ** Samson *' 
and its fellow engine " Goliath/' having a long frame 
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and short wheel base, caused considerable oscillation and 
threatened serious damage to the permanent way. It 
was therefore decided by the directors, acting upon the 
advice of one of their number, Mr. George Stephenson, 
to have a small pair of trailing wheels added behind 
the fire-box in the position shown on the diagram. 
The necessary pairs of wheels and axle-boxes were 
sent from Newcastle to Leicester, where they were 
attached by the company's fitters, under the direction 
of Mr. Cabry, engine superintendent. 

Thus the Swannington Company's " Samson '* and 
" Goliath," in the early part of the year 1833, became 
the first inside cylinder goods engines upon six wheels. 
The flanges were also taken off the middle or drivings 
wheels. The change from four to six wheeels in- 
creased the wheel base to 9 feet 1 inch, and proved 
so satisfactory that Mr. George Stephenson, after riding 
upon the "Samson," decided never to build another 
four-wheeled engine, and he at once took steps to 
add similar pairs of wheels to the goods engines he had 
constructed for the Liverpool and Manchester Railway* 

The South Carolina Railroad Company ordered an 
engine from Messrs. Stephenson, and it was placed on 
that line in 1833, named "Edgefield" and No. 54 in 
the books and records of the makers. It had cylinders 
10 inches by 16 inches and four coupled wheels of 
4 feet 6 inches diameter, its weight in working order 
being only 6 tons 4 cwts. Some writers have ex- 
pressed surprise that such a small engine should have 
been built after others of larger dimensions. It is 
therefore necessary to record the fact that the rails 
were not suitable to carry an engine of either greater 
weight or longer wheel-base. Another engine built 
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by the same makers in 1833, for the Hudson and 
Mohawk Railroad Company, was named " Brother 
Jonathan ; '' it was also limited in size and weight. 

Messrs. R. Stephenson & Co., in 1833, constructed 
an engine for the Saratoga and Schenectady Railroad 
of America ; it had a leading bogie, and a single pair 
of driving-wheels placed behind the fire-box. The 
*' bogie " was found to work very satisfactorily upon 
sharp curves, and has always been in use upon Ameri- 
can passenger engines. 

Mr. Roberts — of the firm of Messrs. Sharp, Roberts 
& Co., now 
Sharp, Stewart 
& Co. — in the 
year 1833 de- 
signed and 
constructed an 
engine for the 
Liverpool and 
Manchester 
Railway (Fig. 
31). 

The cylin- 
ders were placed vertically over the leading wheels, 
the motion of the cross-heads being communicated 
to the crank-pins upon the driving-wheels by means 
of connecting-rods and bell-cranks. The leading 
wheels had outside, and the driving-wheels inside 
bearings ; the cylinders were 11 inches diameter, the 
stroke 16 inches, and the driving-wheels 5 feet 
diameter. 

This engine had no eccentrics to actuate the valves, 
short lever on the bell-crank giving the throw by an 




Fig. 31.— ** Experiment," No. 32, Liverpool 
and Manchester Eailway, 1833. 



CARHICHAEL8 ENGINE. 55 

long rod to rocking gear on the foot-plate. The valveB 
were tubular, without lap or lead. The pistons had not 
the usual elastic packing rings, but were made nearly 
friotionleaa by exactly fitting the vertical cylinders, and 
having a white metal surface. 

This engine waa very unsteady when running, and 



Fig. 32.— "The Earl of Airlie," No. 1, Dundee and Newtyle 
Koilwaj, 1833. 

after running off the line it was rebuilt with the posi- 
tion of the cylinder and bell-crank altered, and another 
pair of wheels was afterwards added, but it proved a 
complete failure. 

Fig. 32 illustrates an interesting link in locomotive 
history, showing as it does one of the first engines 
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having a " bogie*' ever used on a railway in this 
country. 

This engine was built by Messrs. Carmichael & Co., 
of Dundee, and commenced work upon the Dundee and 
Newtyle Railway, September, 1833, and during the 
same month " The Lord WhamclifFe," No. 2, was com- 
pleted ; followed by " The Trotter," No. 3, in March, 
1834. 

These three engines were in every respect similar, 
and had a single pair of driving-wheels 4 feet 6 inches in 
diameter, placed in front, and a four-wheeled bogie, the 
cylinders being vertical, 11 inches in diameter, and the 
stroke 18 inches Weight of engine, in working order, 
without tender, 9 tons 10 cwts. ; cost of engine, without 
tender, £700. Gauge of railway, 4 feet 6 inches. 

The " Earl of Airlie " worked satisfactorily until 
1850, when it was employed to pump water as a sta- 
tionary engine. In 1854, Mr. Allan, when locomotive 
superintendent of the Scottish Central, had it pro- 
perly cleaned, painted, and photographed, and it is 
from this photograph that Fig. 32 is produced. 

Messrs. R. Stephenson & Co. delivered the "Her- 
cules " to the Leicester and Swannington Railway 
Company, 17th December, 1833, being No. 36 in the 
books of the makers, and No. 5 in those of the Com- 
pany (Fig. 33) ; it had copper-fire-box and brass tubes. 

The cylinders were 14 inches by 18 inches, the 
working pressure of steam being 551bs. per square 
inch, which was afterwards increased to 601bs. When 
built, this engine had a flange upon the driving-wheels ; 
this was, however, removed after it had been at work 
about three months. 

Experience having proved that six-wheeled goods 
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engines were superior to four-wheeled, Messrs. 
Stephenson determined to apply the same principle to 
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Fig. 33. — "Hercules," Leicester and Swannington, Dec, 1833. 

passenger engines, and constructed the "Patentee" 
for the Liverpool and Manchester Railway, upon the 
model of the " Mercury " (Fig. 21), but with an addi- 




Fig. 34. — ** Patentee," No. 33, Liverpool and Manchester Itailway, 

January, 1834. 

tional small pair of trailing wheels under the foot- 
plate. This engine (Fig. 34) was named " Patentee," 
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on account of its being the first constructed by Stephen- 
son under his patent of 1833, which provided that 
six- wheeled engines should have no flanges upon the 
middle pair of wheels, in order that they could easily 
pass round curves. 

The cylinders were 12 inches by 18 inches, and the 
driving-wheels 5 feet diameter. 

Special attention should be directed to this engine, 
which became a standard pattern, and was very ex- 
tensively copied in this country and all parts of the 
world, and many of the modern passenger engines are 
" developments " of the ** Patentee." 

The large increase in the coal traffic upon the 
Leicester and Swannington Railway necessitated the 
use of more powerful engines to convey the trains over 
the rising gradients between the top of the Swanning-. 
ton incline and the top of the Bagworth incline. To 
overcome the difficulty, Mr. Stephenson decided to 
construct a new engine, having six coupled wheels ; it 
was delivered at Leicester 8th February, 1834 (Fig. 35). 

The "Atlas'* had cylinders 16 inches by 20 inches, and 
weighed 17 tons, in working order, without the tender ; 
it was, therefore, when built, the largest, heaviest, and 
most powerful locomotive running ; its working was 
therefore watched with considerable interest, as shown 
by the reports which had to be sent weekly to the 
directors, and to the makers, for several months, and 
the copies we have seen in the railway company's 
books show that the ''Atlas" was "highly satis- 
factory." It was stationed at the Long Lane, now 
Coalville, and worked for fully 25 years, becoming the 
property of the Midland Railway Company when the 
Swannington line was purchased. This engine waa 
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afterwards let on hire to colliery owners, and was 
ultimately sold to a contractor, being finally broken up 
after working for more tban 40 years. 

It was tbe first goods engine ever built combining 
the siz coupled wheels and inside cylinders — a pattern 
since very generally employed. The boiler was flush- 
topped, clothed with polished oak strips, bound round 
with brass hoops; a steam-trumpet was provided. The 



Eg. 3S. — "Atlas," LdcfiBter and Swannington liailwaj, Feb. 1131. 

wheels were 4 feet 6 inches diameter, the driving- 
wheels without flanges. A long and moet complete series 
of experiments was carried out by Mr. Henry Cabry, the 
company's engine superintendent, to ascertain exactly 
its performance, the result being that several other en- 
gines of similar design were built for other railways. 

'fha Leicester and Swannington list (see page 43) 
shows that the first six engines for that line were built 
by Stephenson & Co. However, in 1833 some of the 
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directors desired to give a trial to Bury, Tayleur and 
the Haigh Foundry Company, but Mr. Stephenson 
being a director, they appear to have felt anxious to 
know the opinion of their colleague. It was, therefore, 
decided to write a private note on the subject, to which 
George Stephenson wrote the well-known reply: — 
" Very well ; I have no objection, but put them to this 
fair test ; hang one of Bury's engines on to one of mine, 
back to back ; then let them go at it, and whichever 
walks away with the other, that's the engine.'* 

The order was given to Mr. Bury in 1833, who 
personally assured the directors that " whatever 
Stephenson's engine could do his could do," and an 
engine named the ** Liverpool " was placed upon the 
line during the year 1834 (Fig. 36). 

The "Liverpool*' (Fig. 36) ran upon four wheels, 
4 feet 6 inches diameter, the cylinders being 12 inches 
diameter, and the stroke 20 inches. Weight of engine 
in working order 10 tons, weight of tender loaded 
4 tons 10 cwt. 

A peculiar feature in this engine was that the two 
eccentrics were placed upon the leading axle, and the 
eccentric rods passed in two spaces or boxes through 
the smoke-box to the valve- levers placed behind the 
buffer beam ; it therefore followed that the admission 
of steam to the cylinders for working the driving- 
wheels was dependent upon the movement of the 
leading wheels and coupling-rods ; consequently any 
failure of crank-pins or coupling-rods rendered the 
engine useless, and the books of the company recorded 
two or three such failures. 

The engine was reversed by means of four handles, 
two to work the valves by hand, one gab-handle to 
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throw tte small ends of the eccentric-rods into or out 
of gear, and one to moTe the two eccentrica. 



A series of practical trials were made with a train 

of waggons upon the Swannington Railway in the 
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presence of the directors, when Mr. Bury was ulti- 
mately obliged to admit that his engine (Fig. 36) was 
not equal to taking the trains conveyed by Stephenson's 
''Atlas" (Fig. 35). 

In 1834, Messrs. Sharp, Roberts & Co. supplied 
three engines exactly similar to the "Experiment'* 
(see Fig. 31), for the opening of the Dublin and 
Kingstown Railway, named "Hibernia," "Manchester," 
and " Britannia." 

None of these engines were found satisfactory, and 
the firm abandoned the " bell-crank " design. 

Mr. George Forrester opened the Vauxhall foundry 
at LiveiYool in 1834, the first locomotive constructed 
by the firm being the "Swiftsure" (Fig. 37). 

This engine was the first ever constructed combining 
outside horizontal cylinders and six wheels. The 
connecting-rod, it will be observed, worked upon an 
outside crank. The "Swiftsure" also was the first 
locomotive ever built with four eccentrics. 

This valve gear was Forrester's patent, in which 
each of the four eccentrics was furnished with a fork 
or " gab-end," and placed vertically, as shown (Fig. 37.) 

The chief dimensions of the " Swiftsure " were 
cylinders 11 by 18, driving-wheels 5 feet diameter, 
total length of frame 17 feet. 

In consequence of the extreme distance apart of the 
cylinders, 7 feet 1 inch, and the unbalanced driving- 
wheels, this and other similar engines oscillated to a very 
serious and dangerous extent at even moderate speed. 
They were generally known as " Boxers," and proved 
a practical failure, as they could not be allowed to exert 
their full power or speed, as they either left the line or 
burst the rails. 



forhester's valve gear. 
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During the year 1834 Messrs. Forrester built three 
four-wheeled engines for the Dublin and Kingstown 
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Railway named "Dublin/' "Kingstown," and " Vaux- 
hall;*' like the "Swiftsure/* they were very unsteady. 
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Messrs. R. & W. Hawthorn & Co., of Newcastle, 
(designed and constracted in 1835 an engine for tbe 
Newcastle and Carlisle Eailway (Fig. 38). 



The " Comet " (Fig. 38) conveyed one of the trains 
of passengers at the opening of the first section of 
the Newcastle and Carlisle Railway, March 9, 1835. 
It had four coupled wheels 4 feet diameter, the cylinders 
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were 12 inclies diameter, and the stroke 16 inches ; it 
will be seen that they were placed low down under the 
smoke-box, the piston-rod working under the leading 
axle. The valves of the " Comet " were actuated by 
Hawthorn's gear. 

Heating surface of fire-box . . . , . . 35 square feet. 
Heating sarfaoe of tubes . , . . . , 237 square feet, 

Total 272 

Pressure of steam 60 lbs. per square inch. The tender 
ran upon four wheels and carried 680 gallons of water. 

The " Comet " and several other engines of a similar 
design worked with great efficiency for many years 
upon the Newcastle and Carlisle Railway. 

Another powerful locomotive being required for the 
Leicester and Swannington Railway, an order was 
given to Messrs. Tayleur & Co., of the Vulcan 
Foundry, near Warrington. The engine (Fig. 39) 
was delivered " in steam," at the West Bridge Station, 
Leicester, on the 2nd April, 1835. It had cylinders 
16 by 20, and six coupled wheels of 4 feet 6 inches dia- 
meter, and was a very similar type to the " Atlas " (Fig. 
35). The valve gear was of the loose eccentric type, 
described pages 44 and 45. 

During the early part of the year 1836, Messrs. 
Tayleur & Co. completed the " Star " for the Liver- 
pool and Manchester Railway, being the first of an 
order of ten " short-stroked " passenger engines. The 
cylinders were 14 inches diameter, only 12 inches stroke, 
the driving-wheels being 5 feet diameter. It was found 
in practice that the " short stroke " was not an ad- 
vantage. 

Messrs. R. Stephenson & Co. in 1836 constructed 

F 
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several passenger engines upon a similar design to 
the "Patentee" (Fig. 34), but of larger size^ one of 
which is shown in section (Fig. 40). 

It will be observed (Fig. 40) that the steam dome 
was placed upon the fire-box casing, also that the 
engine had four fixed eccentrics, and forked-ends to 
the eccentric-rods ; the two " forward " or two " back- 





Fig. 39.— ** Vulcan," No. 8, Leicester and Swannington Raflway, 

1835. 

ward *' forks were placed in or out of gear by one 
reversing lever ; the valves were still retained above 
the cylinders. 

The Newcastle and Carlisle Railway Company had 
the greatest objection to heavy engines, and to the con- 
centration of weight; Messrs. R. Stephenson & Co. 
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therefore built the " Atlas " (Fig. 41) for that line, 
in 1836, having cylinders 14 by 18, and six coupled 
wheels of 4 feet 6 inches diameter, the weight, how- 
ever, in working order being only 11 tons 6 J cwts. 

The "Ajax" (Fig. 42) was built by the Haigh 
Foundry Company, Wigan, and placed upon the 
Leicester and Swannington Railway, October, 1837 ; it 
had cylinders 14 by 18, and four coupled wheels 4 
feet 6 inches diameter. The builders decided to em- 
ploy tubes of 21 inches diameter instead of If inches, 




Fifi^. 41 — '* Atlas," Newcastle and Carlisle Railway, 1836. 

which was the usual practice at that date. Length of 
boiler between the tube plates 8 feet 8 inches. The 
valves were actuated by the " Haigh Foundry " gear, 
having four eccentrics and forked- ends to the eccen- 
tric-rods, the weight-bar shaft being placed above the 
eccentric-rod. 

Messrs. Hawthorn constructed the " Swift,'* No. 26, 
for the Stockton and Darlington Railway ; it was u, 
four-wheeled engine with vertical cylinders, the con- 
necting-rods working down to an intermediate shaft, 
coupled at each side to the wheel crank-pins by coup- 
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ling'Fods. No. 37, for the same railway, was named 
the "Arrow," built by T. Hackworth in 1837, the 
cylinders were no less than 22 incheB diameter, and the 
stroke only 9 inches. Neither of these engines was 
suocessfiil, and the designs were abandoned. 

The first portion of the London and Birmingham 
Railway was opened July 30th, 1837, and the corn- 



Fig. 42. — "Ajaj," No. 9, Leicester and Swannington Eailway, 1837. 

pleted line September 17th, 1838. Mr. Edward Bury, 
of Liverpool, on becoming locomotive superintendent 
at Wolrerton, unfortunately induced the directors to 
accept his views in favour of four*wheeled engines. 
The whole of that company's locomotive stock (with 
one exception) therefore had only four wheels. The 
passenger engines had single driving-wheels, 5 feet 6 
inches diameter, and the " goods " had fonr coupled 
wheels, some 4 feet 6 inches and others 5 feet dia- 
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meter, tlie goods engines beings of very similar con- 
struction to tte " Liverpool," illnatrated (Fig. 36). 
Soon after Messrs. Stephenson adopted the engine 



(Fig. 40) 88 their standard psBsenger locomotive. 
Messrs. Sharp, Roberts & Co., of the Atlas Works, 
Manchester, adopted the design shown (Fig. 43). 
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During the year 1837 Sharp, Eoberts & Co. placed 
several of their standard engines upon the Grand 
Junction Railway, named — 



"Centaur" 

"Caliban'' 

** Cerberus'* ., ,, 

« Doctor Dalton " „ 

"Eagle" 



• • »» 



No. 12 

„ 17 
18 
19 
20 



"Wizard" 
"Basilifik" 
"Vizier" 
"Sirocco" 
" Harpy " 



No. 21 
„ 22 
23 
24 
2o 



)) 

>> 

M 



All these had cylinders 12^ x 18 and driving wheels 

5 feet diameter, their weight when empty being 12 
tons 5cwt8. 

The design illustrated (Fig. 43) continued to be 
Sharp's standard pattern for nearly twenty years, and 
many hundreds of engines were built — their size and 
power of course increasing from 12J inch cylinders to 
17 inches, and the driving wheels from 5 feet to 6 feet 

6 inches ; and several engines of this old design were 
at work till a very few years ago, and it is even believed 
that a few can be found on small branches at the 
present day. 



CHAPTER lit 
The couhencehent of the battle of tee 

GAUGES. 



Fig. 14.— "North Star," No. I, Great Weatem KiUway, Ib37. 

So far it lias only been necessary to refer to engines 
running upon the ordinary 4 feet 8J inch gauge, that 
being the only width employed in this countr}', with 
the exception of a gauge of 4 feet 6 inches on a few 
Scotch lines. However, Mr. Brunei, when laying out 
the Gfreat Western Railway, unfortunately decided to 
adopt a, broad gauge of 7 feet, and Farliament unwisely 
permitted the introduction of various gauges. 
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The broad gauge, however, although practically 
unnecessary and financially a failure, did more than 
anything else to improve and develop the locomotive 
engine, by creating the rivalry known as the " battle 
of the gauges,'* which lasted for fully fifteen years. 

The directors of the Great Western Railway having 
appointed Mr. (afterwards Sir Daniel) Gooch as loco- 
motive superintendent, the duty devolved upon him 
to design and provide the necessary engines. 

Mr. Gooch, having inspected all the locomotives on 
other railways, considered that 5 feet 6 inch wheels 
were far too small ; he therefore designed the engines 
for the Great Western with driving-wheels of 6, 7, 
and 8 feet diameter, and placed orders for their con- 
struction with the leading builders of that time. The 
first engine delivered on the line was the ** North Star " 
(Fig. 44), constructed by R. Stephenson & Co., 1837. 
It was No. 1 in the books of the railway company, 
and No. 150 in those of the makers, the following 
being the chief dimensions : — 

Wheels — Diameter of driving . . . . . . 7ft. 

Diameter of leading and trailing . . . . 4ft. 

Cylinders — Diameter .. .. .. .. 16in. 

Stroke •• ,. .. .. •■ ^ ISin . 

Boiler — Length of barrel 9ft. Sin. 

Diameter of barrel .. .. .. .. 3ft. 11 in. 

Number of tubes 167. 

Length of tubes 9ft. lOfin. 

Diameter (outside) .. .. .. .. l}in. 

Copper — ^fire-box—Length 3ft. 5 Jin. 

Width 3ft. lOfin. 

Height 4ft. 4jm, 

Heating surface — Fire-box 94 sq. ft. 

Tubes 756 sq. ft. 

Total 850 sq.ft. 

Fire-grate area 11*76 tq. 

The ''North Star " ran a trial trip January 1st, 1838, 
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and commenced daily work when the first portion of 
the Great Western Eailway was opened to Maidenhead^ 
on June 4th, 1838. 

It continued at work for thirty-two years, and ran a 
distance of 429,000 miles, and is still preserved at 
Swindon Works, and at the present time it is under 
consideration to place this interesting relic in the 
South Kensington Museum. 

Messrs. Stephenson also constructed several other 
engines of very similar design, named " Morning Star,'' 
" Evening Star," « Dog Star,'' « Polar Star," for the 
same railway. 

The "Vulcan," the "^olus," and the "Bacchus," 
huilt by Tayleur & Co., 1837, had 8-feet driving- 
wheels, the axle-boxes for which were placed above the 
framing as in the "Planet" (Fig. 20), and on the 
opening day of the Great Western Railway " -Slolus," 
ran the distance from Maidenhead to London at an 
average speed of twenty-four miles an hour, including 
three stoppages. 

The Grand Junction Railway, opened 4th July, 1837, 
formed a very important link, connecting the London 
and Birmingham Railway, at Birmingham, with the 
Liverpool and Manchester Railway at Newton Junction. 
Mr. Locke, the company's engineer, decided that all 
the locomotives should run on six wheels. The pas- 
senger engines were designed and ordered to have 
driving-wheels of 5 feet 6 inches diameter, but in view 
of the larger wheels introduced by Messrs. Brunei and 
Gooch, and the taunts of the advocates of the broad 
gauge that the narrow gauge could not have large 
wheels, it was decided that a few of those engines (the 
construction of which had not proceeded too far) should 
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be proylded with 6-feet wheels, one of which is illus- 
trated (Fig. 45). 

This locomotive was constructed by the Haigh 
Foundry Company, and delivered September 20th9 




Fig. 45. — Grand Junction Railway, 1838. 

1838, and is interesting, showing as it does a 
good specimen of narrow-gauge engine of that period. 



Diameter of driving wheels . . 
Diameter of carrying wheels 
Diameter of cylinders . . (13}) 

Length of stroke . . . . (18) 

Number of tubes, 102 
Diameter of tubes inside 
Heating surface of tubes 
Heating surface of fire-box . . 

Total .. 



C feet inch. 

4 „ „ 

1 „ lf„ 

1 ,. 6 



)* 



,, 2 „ 
480 square feet. 
58 square feet. 



538 square feet. 



The yalve gear consisted of the Haigh Foundry pat- 
tern, having four fixed eccentrics. Engines of this cla^s 
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worked with great efficiency 
upon the Grand Junction 
and other railtraje for many 
years. 

Mr. T. E. Harrison, in 
Decemher, 1836, designed, 
and during X837-8, Messrs. 
Hawthorn constructed, two 
locomotires for the Great 
Western Eailway. These 
^ engines had the cylinders 
§ and motion upon a separate 
V frame and wheels from the 
I fire-hox and boiler. 
I Ono of these named, tho 
W " Thunderer," had wheels 
C feet diameter, but geared 
I up, three to one, in order 
to be equal in effect to 
a wheel IS feet in dia- 
meter. 

The other, named " Hur- 
ricane," had a pair of driv- 
ing-wheels 10 feet diameter, 
the largest ever made, illus- 
trated (Fig. 46). 

The boiler, fire-hox, and 
frame upon which they 
were placed, also the tender, 
were of the same dimen- 
sions in each case. The 
cylinders and stroke were 
also similar. 



^ 
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The following are the dimeuBions of the ^^ Hurri- 



cane." 



Diameter of driving wheela . . . . 10 feet 

Diameter of cylinders . . . . . . . . 16 inches 

Length of stroke 20 inches 

The boiler contained 135 brass tubes. The fire-box 
was of copper, and divided by a mid-feather. 

Heating surface of tubes . . . . 516 square feet 
Heating surface of fire-box . . , • 108 square feet 

Total .. .. 624 square feet 

Weight of the six- wheeled engine 11 tons, of which 
6 tons rested upon the 10-feet driving wheels. The 
weight of the six-wheeled frame with the boiler and 
fire-box was 12 tons. 

The steam from the boiler to the cylinders was 
conveyed by a jointed pipe and the exhaust steam was 
returned to the chimney by a similar pipe. The 
engine-driver stood upon the engine in front of the 
driving axle, and the fireman behind the fire-box in 
the usual way. Both of these extraordinary engines 
proved failures, one great cause being that there was so 
little weight available for adhesion. 

An examination of Fig, 46 shows that the *' Hurri- 
cane '' had a good sound framing, and there is every 
reason to believe that if the boiler had been placed over 
the driving axle, instead of on an independent frame, 
the engine would have been considerably improved. 

The Arbroath and Forfar Railway, when opened on 
the 3rd January, 1839, had a gauge of 5 feet 6 inches, 
and during the year 1838, Messrs. Stirling & Co., of 
Dundee, designed and constructed three locomotives for 
that line, named "Victoria" (Fig.47),'' Britannia," and 
"Caledonia." 
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Messrs. Stirling, having visited the Liverpool and 
Manchester Bailway, and examined the ** Swiftsnre '' 




(Fig. 37), came to the conclusion that an outside frame 
was unnecessary. The Arbroath and Forfar engines 
were therefore the first to combine inside bearings. 
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outeuie cylinders, and six wteela ; they had cylinders 
13 by 18 ; driving-wheels 5 feet diameter. These 
locomotives worked very satisfactorily for many years, 
and until the line was leased to the Caledonian Com- 
pany and the gauge altered to 4 feet 8J inches. 
The Haigh Foundry Company, Wigan, constructed 



Vig. 48.—" Hector," No. 10, Leineater and Swaniiiiigton Rwlway, 



the " Hector " (Fig. 48), for the Leicester and Swan- 
nington Bailway, and it commenced work upon that 
line, September, 1839. 

" Hector " was a six-wheeled coupled goods engine, 
having cylinders 16 inches by 20 inches, and wheels 
4 feet 6 inches diameter. Total heating surface, 688 
square feet. 
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The valve gear was the " Haigh Foundry " pattern, 
having four fixed eccentrics^ and forked ends to the 
eccentric-rods; the boiler was "clothed " with sheet iron 
plate instead of with polished wood, which was the usual 
practice at that time. The driving-wheels were without 
flanges. This locomotive was constructed to work with 
a steam pressure of 120 lbs. per square inch if necessary, 
but for the first few years it was only worked with 80 to 

90 lbs. The urn-shaped vase upon the boiler contained 
a " lock-up safety valve " pressed to blow off at 

91 lbs. 

The ** Hector," was regarded as such a powerful 
engine that invitations were issued to the locomotive 
officials of the other companies to witness its perform- 
ance between Coalville and Bagworth, and as a result 
similar engines were ordered for the Manchester and 
Leeds, North Midland, Great Western, and Liverpool 
and Manchester Railways. 

The first part of the Birmingham and Gloucester 
Railway was opened 24th June, 1840 ; this line was 
intended to form a portion of a great through-route 
between the north and west of England; it was, 
therefore, a very serious mistake on the part of the en- 
gineer. Captain Moorsom, to have designed and con- 
structed the great Lickey incline of 1 in 37 for a dis- 
tance of over two miles, extending from Bromsgrove 
to Blackwell, and it was an equal mistake to suppose 
that English locomotive builders could not construct 
an engine to ascend the incline. However, he ordered 
eight locomotives from Norris & Co., of Philadelphia, 
the first four to arrive being named "England," 
" Philadelphia," " Columbia," and « Atlantic.'' These 
engines had a four-wheeled leading bogie, a single 
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pair of driving-wheels placed in front of the fire-box, 
and outside inclined cylinders. 

Diameter of cylinders 10} ins. 

Length of stroke 18 ins. 

Diameter of driving- wheels 4 ft. 

Weight in working order 9 tons 11 J cwta. 

Their usual performance up the "Lickey '* was 33 
tons at 12 to 15 miles per hour, 39 J tons at lOJ miles, 
or a maximum load of 53| tons at 8J miles. 

One of these American engines having 11 J cylinders 
was lent for a .few weeks for trial upon the Grand 
Junction Railway, when it was ascertained that it con- 
veyed loads of 100 to 120 tons on an incline of 1 in 
330 at 14 to 22 J miles per hour ; or on an incline of 1 
in 177 at 10 to 14 miles per hour. The mean of seven 
journeys from Birmingham to Liverpool, with gross 
loads of about 100 tons, showed a consumption of 50 
lbs. of coke per mile, and an evaporation of 4*27 lbs. 
of water per pound of coke. 

The American engines having worked with great 
success upon the Lickey incline for a few weeks, Mr. 
Edward Bury, of Wolverton, wrote to the directors " to 
declare that whatever American engines could do his 
could do,'' and sent the London and Birmingham 
Company's engine named " Bury " to prove his assert 
tion. 

Mr. Bury, himself driving, started from Bromsgrove, 
and humorously called to Mr. Gwynn, who had come 
with the American engines, to join him. "No," ho 
replied, "it's no use, you'll soon come back again," 
and back again Mr. Bury and his engine came, havin^^ 
stuck before getting half-way up the incline. / 

Li consequence of the taunts which appeared in Lvl 
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American newspaper, that " the English could make 
inclines, but had to come to America for engines to 
work them," Mr. J. E. McConnell, the locomotive 
superintendent of the Birmingham and Gloucester 
Railway, obtained the sanction of his directors to con- 
struct a powerful tank engine at the Bromsgrove works, 
and it commenced duty in 1845. 

This engine had six coupled wheels of 3 feet 9 inches 
diameter, cylinders 18 inches diameter, a stroke of 26 
inches, and a total weight of 30 tons loaded. This 
CDgine worked successfully for a number of years. 

Mr. Roberl Stephenson's attention was given, early in 
the year 1842, to the fact that the chimneys and smoke- 
boxes were very quickly destroyed ; he therefore made 
some experiments with North Midland Company's en- 
gines at Derby to ascertain the degree of heat which 
was escaping. First he placed tin in small iron conical 
cups and suspended them in the " smoke box," and it 
was found to disappear quickly ; next, lead was tried in 
the same manner, and was found to melt nearly as 
easily; and, lastly, zinc was tried, which was soon 
driven off in vapour, clearly indicating a temperature 
of 773 degs. in the chimney, and showing that a great 
waste was taking place. To overcome this evil, Mr. 
Stephenson decided to lengthen the tubes of locomo* 
tives from 9 ft. to 13 or 14 ft., but he found that to 
obtain a patent for the invention he would have to 
employ an unlimited term, as to fix a length would be 
useless, as a few inches more or less would enable others 
to evade the patent ; he therefore adopted the name 
*' long boiler," and placed all the axles under the barrel 
or circular part of the boiler. 

In the first of these " long-boiler " engines, the 
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driving-wlieels were placed between the fore and hind 
carrying-wlieelfl, the cylinders being kept forward to 



the outside of the smoke-box (Fig. 50), Several 
engines of thia design were built for the North Midland 
Railway Company and other lines. 
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Further experiments at Derby in 1843 proved that 
the " long-boiler '* was successful in reducing the heat 
in the chimney to very little over 442 degs., as upon 
placing tin in the smoke-box it was found just to melt 
at the corners. 

In 1844 Mr. Robert Stephenson decided to place 
the four carrying-wheels in front and the driving- 
wheels close in front of the fire-box ; in 1846 he 
added a pair of trailing wheels behind the fire-box, 
thus converting his long-boiler engine into an eight- 
wheeled locomotive. 

In the year 1846 it was reported that at least 150 
locomotives, according to this long- boiler pattern, were 
in constant use in this country and on the continental 
railways. 

Valve-gear having loose eccentrics (described p. 45) 
was found to be far from satisfactory, and many other 
gears were tried — for instance, those of Carmichael, 
Hawthorn, Haigh Foundry, Stephenson, Gray, Dodd 
and others — ^but none of these fulfilled all that was 
necessary. The eccentric- rods in nearly all valve 
gears, previously to 1842, were provided with "forks'* 
or " gabs," which engaged with pins attached to the 
arms of the valve rods. In practice these pins were 
frequently broken off. 

Stephenson's valve-gear, generally known as *' fork 
motion," is illustrated in Fig. 51, and shows the form 
of gear used by that firm between the years 1835 and 
1842. 

Mr. William Howe, who was a fitter in the employ 
of R. Stephenson and Co., decided to place a curved 
link between the ends of the forward and backward 
eccentric-rods to take the place of the forks. He 
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made a pencil sketch and wooden model, which were 
shown to Mr. Robert Stephenson, who, seeing its 
merits, ordered it to be fitted 
to all engines constructed at 
his works. At that time 
(August, 1842) two locomo- 
tives were being built for 
the North Midland Railway, 
No9. 70 and 71. No. 70 was 
already fitted with " fork mo- 
tion," but No. 71 was supplied 

with Howe's link motion (Fig. S 

52), and commenced to run on " 

September 10, 1842. I 

Some correspondents to S 

newspapers have expressed the [i 

opinion that " the introduc- a 

tion of the ' link' was not an I 

invention, but an improve- W 

meat." By whichever name ^ 

it be known, the fact remains ^ 

that Mr. Howe's introduction Ut 

of the link at once removed all 
the difficulties which had for 
years caused trouble with the 
" fork motion," and it did far 
more than this, by producing 
a complete and simple means 
of cutting off steam for ex- 
pansive working. 

It has also been contended that " the merits of the 
gear for ' cutting off ' were probably not known at 
first." Now, as a fact, the reversing lever rack of the 
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first engine ever fitted with link motion had seven 
notches on either side of the centre^ and steam could 
be cut off at various proportions of the stroke, from 
4 J inches to 17| inches. It is therefore perfectly- 
certain that the expansive working of the gear was 
fully understood before the first engine left the 
Newcastle works, for had it not been intended to work 
expansively, *' the seven notches on either side of the 
centre'' would have been useless. There is also 
conclusive proof that the action of the gear was fully 
understood by Mr. Howe, for he came himself to the 
North Midland Railway with the engine No. 70 in 
order to instruct the engine-driver how to work his 
gear to the best advantage. Howe's link motion was 
at once adopted by nearly all locomotive builders, it 
is in use in all parts of the world, and to this day 
there is no valve gear to equal it. The " link motion " 
is frequently spoken of as Stephenson's, but this is an 
error, as Howe was the inventor, and Mr. R. Stephenson 
himself always spoke of it as Howe's. 

Mr. Alexander Allan (whose death only took place 
in 1891) entered the service of the Grand Junction 
Railway Company, February, 1840, and took charge 
of that company's locomotive establishment at Edge 
Hill, Liverpool, under Mr. Buddicom, the chief 
mechanical engineer. From the copy of the official 
list in the writer's possession, it appears that, at the 
close of the year 1839, the Grand Junction Company 
possessed 59 engines. These all ran upon six. wheels, 
had double frames and inside cylinders, 57 of them had 
" single " driving-wheels, and two, " Sirius," No. 30, 
and " Gorgon," No. 41, were the only " goods " engines, 
they having the leading and driving-wheels coupled. 
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Names and numbers of the Grand Junction Com- 
pany's engines, 1837 to 1840 : — 



1. Saracen. 

2. Heola. 

3. Shark. 

4. Hecate. 

5. Falcon. 

6. Stentor. 

7. Scorpion. 

8. WUdfire. 

9. Alecto. 

10. Dragon. 

11. Zamiel. 

12. Centaur. 

13. Prospero. 

14. Witch. 

15. Fhalaris. 

16. Lynx. 

17. Caliban. 

18. Cerberus. 

19. Dr. Dalton^ 

20. Eagle. 



21. Wizard. 

22. Basilisk. 

23. Vizier. 

24. Sirocco. 
26. Harpy. 

26. ^olus. 

27. Merlin. 

28. Prometheus. 

29. Alaric. 

30. Sirius. 

31. Pegasus. 

32. Tamerlime. 

33. Erebus. 

34. Phoebus. 

35. Talisman. 

36. Thalaba. 

37. Hawk. 

38. Camilla. 

39. Tartarus. 

40. Jason. 



41. Gorgon. 

42. Sunbeam. 

43. Vampire. 

44. Harlequin. 

45. SybU. 

46. Medea. 

47. Vulture. 

48. Oberon. 

49. Columbine. 

50. Hornet. 

51. Torch. 

52. Diomede. 

53. Clio. 

54. Medusa. 

55. Lucifer. 

56. Phantom. 

57. Sultan. 

58. Syren. 

59. Vandal. 
GO. Tantalus. 



Upon taking charge, Mr. Allan found that three 
engines, namely, " jEoIus," 26, " Tartarus," 39, and 
" Sunbeam,*' 42, were in a very bad condition, having 
broken crank- axles and defective framings ; he there- 
fore decided to rebuild them. 

Mr. Allan's experience as manager of Messrs. 
Forrester's works had led him to become an advocate 
of outside cylinder engines; he therefore converted 
the three above-mentioned engines from inside cylinder 
to outside; the leading and trailing wheels had out- 
side bearings as previously, but the driving-wheels had 
the outside bearings removed, and the connecting-rod 
placed direct upon a crank-pin upon the boss of the 
wheel. The broken crank-axle was of course in each 
case replaced by a straight axle. 
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The first of these rebuilt engines, "^olus/* was put 
to work towards the close of the year 1840, " Tartarus " 
and "Sunbeam'* following in 1841. At this period 
the Grand Junction Railway Company decided to build 
locomotive works at Crewe, and to construct its own 
engines. The Crewe works were opened early in the 
year 1843, Mr. Allan taking charge thereof as super- 
intendent, Mr. F. Trevithick being the company's 
chief mechanical engineer. 

Mr. Allan designed and constructed the passenger 
engines upon the model of the rebuilt "-^olus,*' 
and employed driving-wheels of 6 feet 6 inches and 
6 feet diameter, the cylinders placed outside, being 
15 inches and the stroke 20 inches. 

The goods engines (Fig. 63) were of a similar 
design, but the driving and trailing wheels were 6 feet 
diameter and coupled, the cylinders being outside and 
15 X 20. 

These two classes became generally known as the 
"Crewe pattern," and when, on July 16, 1846, the 
Grand Junction, London and Birmingham, and 
Manchester and Birmingham companies amalgamated 
and became the London and North- Western Railway, 
Mr. Allan continued to build his Crewe pattern for 
the northern division of that railway. He was also 
the inventor of the " Allan straight link motion." 

The goods engines (Fig. 53) were 22 feet 5 inches 
in length over buffers, and their weight in working 
order 19J tons ; they conveyed the goods and min- 
eral traffic on the northern division of the London 
and North-Western Railway for many years, and, 
when superseded by Mr. Ramsbottom's six-coupled 
engines, they were converted into tank engines for 
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brancli paeBenger traffic, and some of them are at work 
at the present day. 

During the year 1843 tte London and Sowth- 
Western Railway adopted outside cylinder engines of 
similar design to those introduced upon the Grand Junc- 
tion Railway at Crewe. The locomotive snperintendent, 
Mr. John V. Qooch, constructed some of these engines 
with driving-wheels of 6 feet 6 inches, and others with 



Tig. 53.— Mr.:,Allan'B Goods Enginefl, Crewe Worta, 1813 to 1857. 

7 feet wheels, the largest then in nse on the narrow 
gauge. 

In December, 1845, a series of experiments was 
conducted upon the Great Western Kailway, between 
London and Didcot, with an engine named " Ixion " 
having inside cylinders 15j inches diameter and 18 
inches stroke ; four carryiug-wheels ; driving-wheels, 
7 feet diameter ; grate, 13-4 feet ; surface of fire-box, 97 
feet ; tubes, 2 inches diameter, 131 in number, surface 
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732 feet ; total heating Burfacei « 829 feet ; weight, 
empty, 22 tons; weight of tender, empty, 8 tons. 
This engine attained a maximum speed of 62 miles 
per hour with an average load of 76^ tons, and an 
average speed of 50 miles on a trip of 53 miles ; 
the coke consumed was at the rate of 35*3 lbs. per 
mile, and water evaporated 201*5 feet per hour. 

Mr. T. R. Crampton took out a patent in 1843 for 
an arrangement or position of locomotive wheels, in 
which the small, or carrying- wheels, were placed in 
front and the large driving-wheels at the trailing end, 
behind the fire-box ; the cylinders being outside. It 
was claimed that this . design solved the problem 
of obtaining a large driving-wheel with a low centre 
line of boiler. (The idea, however, was not quite 
new, as in 1833 Mr. Baldwin, in America, constructed 
several engines having the driving-wheels behind the 
fire-box.) 

During the year 1846 Messrs. Tulk and Ley con- 
structed two engines at the Lowca works, White- 
haven, from the designs of Mr. Crampton, for the 
Namur and Liege Railway, and they were named 
*' Namur " and " Liege." 

These engines ran upon six wheels, and had out- 
side cylinders, 16 X 20, and a pair of 7 .feet driving 
wheels placed behind the -fire-box. 

In practice the performance of these two engines 
was found to be equal to a load of 80 tons, exclusive 
of engine and tender, at 51 miles per hour on a level ; 
and 50 tons at 62 miles per hour on the level. 

Before exportation the " Namur '* was tried experi- 
mentally upon the London and North- Western Rail- 
way, and attained a higher speed than any broad- 
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gauge locomotive at that period ; this result giving 
the greatest satisfaction to the narrow-gauge advo- 
cates. 

In 1846 Messrs. Stephenson and Howe patented a 
three-cylinder locomotive having two outside and one 
inside cylinder in order " to counteract the alternate 
lifting on the opposite side of the engine.'* Two of 
these engines were constructed and tried experi- 
mentally ; they worked satisfactorily. As is the case 
with the three-cylinder locomotives in use at the 
present day, these engines had three sets of motion to 
be provided and maintained ; however, when new they 
ran at a higher speed than the broad-gauge engines. 

At this period the battle of the gauges was at its 
height and the rivalry was most keen ; the Eoyal 
Commission had been appointed July, 1845, to decide 
between the " broad '* and " narrow " gauges. 

During the years 1838 to 1845, Mr. Bury was 
strongly urged by the narrow-gauge advocates to 
build some larger engines for the London and Bir- 
mingham Railway in order to compete with the Great 
Western Railway. This, however, he firmly refused 
to do, and was perfectly content to continue to place 
the small four-wheeled engines on that line, and a list 
now before us shows that even in August, 1845, the 
company had 89 four-wheeled engines and one six- 
wheeled ballast engine. There can be no question 
that the broad gauge gained many friends, in London 
especially, on account of Mr. Bury continuing to run 
small four-wheeled engines to London. The advo- 
cates of the broad gauge, of course, urged the public 
to compare the large six-wheeled engines at Padding- 
ton with the little four* wheelers at Euston. Thus it 
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will be seen that Mr. Bury, although himself opposed 
to the broad gauge, by his policy played into the hands 
of the broad-gauge advocates ; indeed it was remarked 
at the time that Mr. Bury did more harm to the narrow 
gauge cause than any of its enemies. 

The narrow-gauge engines were successfully main- 
taining their position (upon every line but the London 
and Birmingham), and proving that whatever could 
be done upon the 7 feet gauge could be equally well 
done on the 4 feet 8J inches gauge. It therefore 
became necessary for the Great Western Company to 
make some " striking improvement '' in order to show 
what could be obtained upon the broad gauge, and 
Mr. (afterwards Sir Daniel) Gooch, the company's 
locomotive superintendent, accordingly designed and 
constructed at the Swindon works a new and very 
powerful class of express engine which he regarded as 
the ^^ ultimatum " for the broad gauge. 

The first of this class was named " Great Western," 
and commenced work April, 1846. 

The engine (Fig. 54) has eight wheels — namely, 
four leading- wheels arranged in a group (but not in a 
bogie), a single pair of driving-wheels 8 feet diameter, 
having no flanges, and a small trailing pair of wheels. 
The cylinders 18 by 24, 300 tubes, and 1,767 square 
feet of heating surface. The valve gear was the well- 
known fixed link motion introduced by Mr. Gooch. 

This splendid locomotive was highly successful, and 
was found capable of evaporating 300 cubic feet of 
water per hour, and it is a noteworthy fact that 
engines of this class appear to be among the most 
economical ever run, the consumption of coal leing as 
low as 2J lbs. per horse-power per hour. 
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This engine upon several occasions started from 
Paddingtou and stopped at Didcot, 53^ miles, in 47 
minutes, &nd obtained & maximum speed of 78 miles 



an hour. 29 other locomotives were bnilt between 1847 
and 1855 similar to Fig. 54; most of these (of course 
vith new boilers) were still at work till May, 1892. 
Through the courtesy of Mr. "William Dean, loco- 
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motive superintendent of the Great Western Railway, 
the complete list of the 30 engines is given, showing 
the miles run before being " rebuilt " : — 

BROAD GAUGE ENGINES, "GREAT WESTERN" CLASS. 

Date. Total 

Name of Engine. Builder. ' " n mileage 

Bnilt Condemned before 

or rebuilt, renewal. 
Great Western .. .. G.W.R. AptU.. 1846 Deo... 1870 370,687 

IronDuk „ „ .. 1847 Oct... 1871 607,412 

Lightmnff ,, ti .. n April 1878 816,601 

Great Biitam . . . . ,, July . . „ Oct. . . 1880 403,644 

Empecor „ Sept... „ Jane 1S73 690,225 

PaBha „ Not... „ „ 1876 613,038 

Sultan „ „ .. „ Aug. „ 727,300 

Courier „ June .. 1848 Nov. 1877 746,120 

Tartar „ July.. „ Aug. 1876 731,817 

Draffon „ Aug... „ Dec... 1872 670,757 

Warlock „ >}••»> June 1874 639,410 

Wizard „ Sept.. „ Nov. 1876 711,908 

Rongemont , Oct. .. „ Aug. 1879 772,401 

Hixondelle „ Dec. .. „ May 1873 605,010 

Tornado „ March 1819 March 1881 688,000 

Swallow ,, June.. „ Aug. 1871569,232 

Timour „ Aug. . . „ Nov. „ 569,893 

Prometheus ,, March 1850 June 1870 538,025 

FerseuB „ June.. „ Dec... 1880 722,458 

Estafette ,, Sept... „ June 1870 504,544 

Rover „ „ .. „ „ 1871461,344 

Amazon „ March 1851 July 1877 729,840 

Lord of the Isles, built 

1850, commenced work 

July, 1852 „ July.. 1852 „ 1881789,300 

Alma Rothwell Nov. . . 1854 June 1872 444,600 

Balaclava „ Dec... „ Nov. 1871406,425 

Inkerman „ March 1855 Got. .. 1877 650,220 

Kertch „ April.. „ Dec... 1872 326,246 

Crimea „ May .. „ Sept. 1878 605,701 

Eupatoria ,, ** *• i> Oct... „ 618,275 

Sehastopol ,, July.. „ „ 1880 707,148 

The ^* Lord of the Isles/' built 1850, was sent to the 
Exhibition of 1851 , also to the Edinburgh Exhibition 
of 1890, and with the removal of the broad gauge on 
the 23rd May, 1892, the whole of this type of engines 
neoessarily ceased from their labours ; but one is now 
being sent to the Chicago Exhibition. 
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The average consumption of coal of the whole of 
the engines of this class, when working on the Great 
Western Railway, was about 27 lbs. per mile. 

Such facts as the above show that the late Sir 
Daniel Gooch took a very important part in the de- 
velopment of the locomotive. 

The success of the " Great Western *' (Fig. 54) 
at once caused the narrow-gauge lines to require 
larger engines. The London and North- Western 
.Company gave orders to Messrs. Tulk and Ley for an 
engine, designed by Mr. Crampton ; it was placed on 
the line in 1847, and named the " London " ; this 
engine had cylinders 18 by 20, a single pair of 8 feet 
driving wheels and 1,529 square feet of heating sur- 
face ; and it was claimed that with a light load she 
attained a speed of fully 74 miles an hour. The 
directors of the London and North- Western also gave 
instructions for the construction, at Crewe works, of 
three experimental engines : — 

The " Courier," designed by Mr. Crampton, having 
a pair of 7-feet wheels placed behind the fire-box ; 

The " Velocipede,' ' designed by Mr. Alexander Allan, 
the superintendent of the Crewe works, having a pair 
of 7-feet wheels ; and 

The " Cornwall/' by Mr. F. Trevithick, the chief 
mechanical superintendent of the northern division ; 
and they were all completed in 1847. 

The "Courier" was a very similar engine to the 
'* Namur " and others of Mr. Crampton's design. 

Mr. Allan, of Crewe, held the opinion that the 
" battle of the gauges '* was an absurdity, and that it 
was not wise to build engines simply to see what could 
be done; he therefore built the " Velocipede" (Fig. 55) • 

H 



98 DEVELOrMENT OF THE LOCOMOtlVB. 

This engine liad cyliaders 15 by 20 and 7 feet 
wheels, and this class of engine proTed highly suc- 
cessful in daily working on the northern division of 
the Ix)ndon and North-Western. 

Oil the other hand Mr. F. Trevithick considered it 
a matter of the most vital importance that the 
"narrow gauge" should eclipse the performance - of 
the broad gauge; he therefore decided to have a 



Fig. 55.— " Velocipede," No. 1H7, Crewe Worka, Oct. 1847. 

driving*wheel six inches larger than the "Great 
Western " (Fig. 54). In order to obtain a large 
driving-wheel and a low centre of gravity, he adopted 
the peculiar plan of, placing the boiler under the driving 
axle. The driving-wheel of the " Cornwall " he 
designed of 8 feet 6 inches diameter, that being the 
largest size which bad then, or has since, been tried 
upon the ordinary 4 feet 8 J inches gauge, the cjlindeiB 
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being 17^ inches diameter, and 34 inches stroke. The 
engine (Fig. 56) appears to have fully answered the 
expectation of her designePj for upon the trial trip a 
speed of fully 79 miles an hour was attained under 
favourable circumstanceB, thus beating the " Great 
Western" by one mile per hour. 

This locomotive engaged very considerable attention 
at the Exhibition of 1851, but no engineer favoured 
the position of the boiler, and about 1862 — 1863, Mr. 



Kg. 57.—" OomwaU," London and North- Western Eailway, 1863 to 1893. 

John Eamsbottom constructed a new boiler and placed 
it above the axle. 

Fig. 67 illustrates this fine engine as thus altered, 
and aa it is running to-day. 

The " Cornwall " is still working the " 45 minute " 
expresses between Manchester and Liverpool, and carries 
us back to the year 1847, or for a period of over 
45 years. It has now the largest wheel in the world, 
and it is stated that with a load equal to her poTEer oh? 
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is capable of running at the highest possihle speed yet 
attained. 

The "Oomwall" appears capable of several years' 
more worV, and, ultimately, when it rests from its 
labours it is understood that it ie to be preserved as a 
relic of early locomotive construction. 

Another large narrow-gauge engine intended to 
Burpasa the " Great Western " {Fig. 54) was designed 
by Mr. T. E. Crompton, and built by Messrs. Bury, 
Curtis and Kennedy, of Liverpool, for the London and 



Fig. 58.- 

Nortb-Westem Railway, 1848, and named the " Liver- 
pool" (Fig. 58), an engine generally considered as 
the " ultimatum for the narrow gauge." 

The " Liverpool " had cylinders 18 inches diameter, 
24 inches stroke ; 292 tubes o£ 2VV inches external 
diameter and 8 of If inch, 12 feet 6 inches long; surface 
of fire-box 154-434 feet; of grate 21J feet ; of tubes 
2136-117 feet; total heating surface 2,290 feet; two 
driving-wheels 8 feet diameter ; 6 carrying- wheels 4feet 
dianjie^r ; length between centres of extreme wheels 
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18 feet 6 inches ; total length of engine 27 feet ; 
weight of engine, charged, 35 tons, or 12 tons on the 
driving-wheels, 17 tons on the four leading wheels, and 
6 tons on the two intermediate wheels ; weight of tender 
21 tons ; total weight 56 tons. This engine conveyed 
the express trains between London and Wolverton for 
some time, and in one case took 40 carriages within 
time, thus exceeding the combined duty of three 
ordinary engines ; and when tested for " speed " with 
a light load, the late .Mr. Crampton informed the 
writer that it attained fully 79 miles an hour. 

The permanent-way at that time was not strong 
enough to carry such a large engine, its weight and 
long rigid wheel-base therefore caused it to gradually 
retire from active service. 

Had the rail-joints been "fished," and the four 
front wheels placed in a bogie frame, this would have 
been one of the most successful engines. 

Shortly after the construction of the " Liverpool " 
Mr. T. R. Crampton, in 1849, designed a locomotive 
having inside cylinders but the driving-wheels fixed to 
a straight axle. He employed a double-cranked shaft, 
having also outside cranks and coupling* rod to com- 
municate motion to the driving-wheels, which were 
placed behind the fire-box. Eight of these engines 
were ordered from Messrs. R. Stephenson and Co., and 
placed upon the South-Eastern Railway, and one 
of these, the " Folkestone," was sent to the Exhibition 
of 1851. Engines of this class took 44 tons at an 
average speed of 65 J miles an hour, and attained 73 J 
miles per hour upon a falling gradient of 1 in 264 ; they 
were, however, not satisfactory, and were rebuilt with 
driving-wheels upon the driving-shaft. 



102 DEVEIX)PMENT OF THE LOCOMOTIVE, 

The past few pages have shown that during the 
" battle of the gauges " several remarkable engines 
were constructed simply to attain excessive speed, and 
to show what could be done on this or that gauge ; 
some of these which worked well experimentally were 
practically unsuitable for the ordinary traffic. 

The foUy of this policy having at last made itself 
apparent, " the battle of the gauges '* ended, and the 
various locomotive builders settled down to the con- 
struction of good useful engines, capable of working 
the ordinary trains of that period. Each builder or 
designer adopted a standard pattern of passenger 
engine, and although they were very similar in general 
design the special features of each were most marked ; 
and even at the present day, no matter how much pne 
of these old engines has been rebuilt, the original 
maker can be clearly determined by an examination 
of those parts which were made a speciality. 

In 1849, Messrs. E. B. Wilson and Co., of Leeds, 
brought out a class in which there was an outside 
frame and outside bearings for the leading and trailing 
wheels, but inside bearings only for the driving axle : 
the first of these was named " Jenny Lind " (Fig. 59), 
and had cylinders 16 by 20 and wheels 6 feet diameter. 
Large numbers of these engines were built for the 
Midland and other railways. 

Mr. Ross Winans, in 1849, constructed a celebrated 
engine at his Locomotive Works, Baltimore, for the 
Baltimore and Ohio Railroad. It had a four-wheeled 
leading bogie, a single pair of driving wheels 7 feet 
diameter, and a trailing bogie; the cylinders were 
placed outside. This engine was named the " Charles 
Carroll of CarroUton." It worked satisfactorily and 
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ran at very higli speed, but it proved too heavy for the 
very light track over which it had to run. 
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At the same date, 1849, Messrs. E. B. Wilson & Co., 
of Leeds, built a trial engine for Mr. Crampton, in 
whieli he employed four large driving wheels of 6 feet 
6 iaphes diameter, placed at a distance of 16 feet 
between centres. By means of outside coupling rods 
motion was communicated from the intermediate shaft 
to the four driving wheels. This engine weighed 32 
tons, or 8 tons upon each wheel, which proved too much 
for the permanent way of that period. This engine 
was tried by Mr. Crampton upon the Midland Railway, 
and attained a speed of fully 75 miles an hour. It was 
also tried on other lines, but no railway company would 
purchase it on account of its great weight. Another 
engine of similar design was built, but much lighter. 
It ran upon the York, Newcastle, and Berwick for 
some years. 

Messrs. Sharp Brothers, in 1849, built ten passenger 
engines for the Midland Railway, Nos. 60 to 69. The 
first six of these had cylinders 16 X 20, and driving 
wheels 5 feet 6 inches diameter for the ordinary gauge. 
The Midland Company, having purchased the Bristol 
and Gloucester Company's line, required some broad- 
gauge engines to work thereon. Four of the engines 
by Sharp were therefore built "convertible'*; they 
were, in fact, narrow-gauge locomotives having very 
long axles, and the wheels were placed quite outside 
the axle-boxes. The cylinders were 16 x 20, driving 
wheels 6 feet 6 inches. Some years later, when the 
Midland Company removed the broad gauge between 
Bristol and Gloucester, the axles were shortened and 
the wheels placed between the double frames in tho 
ordinary way. 

Mr. J. E. McOonnell, in 1844 — 5, designed and con- 
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struoted at Bromsgrove some engines for theBirmuig- 
ham and Gloucester Railway Company, in which he 
employed inside frames and inside bearings only. 
These small engines proved so satisfactory, that when 
he became locomotive superintendent of the southern 
division of the London and Norirh-TVestem Railway, 
he retained the same design and built a large number of 
engines at Wolverton of the well-known " Bloomer " 
type. Some of these had cylinders 16 X 22 and 



Tig. 60.— ".Bloomer," CIbes 1850, L. &N.W.R., Soulhern Dividon, 

6 feet 6 inches wheels — others similar to Fig. 60 had 
7-feet wheels. 

- In Kovember, 1852, Messrs. Fairbaim & Sons 
constructed a stiU. larger engine from Mr. McConnell's 
design, for the southern division of the London and 
North-Western Railway, No. 300, having cylinders 
18 X 24, and driving wheels 7 feet 6 inches, the 
boiler being provided with his system of combustion 
chamber. This engine had double frames, and all the 
axles had outside axle-boxes, and weighed 31 tons. 
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Mr. McConnell also employed his patent design of 
boiler for the Wolverton goods engines, and placed 
all the six-coupled wheels under the barrel of the 
boiler. 

It will have been observed that locomotive engineers 
for years had tried their utmost to obtain a large 
driving-wheel and a low centre of gravity. Mr. 
McConnell, however, disagreed most strongly with the 
"low boiler" theory, and maintained that a high 
boiler was no objection, and that engines having the 
highest boilers could run with the greatest steadiness. 
At that time his opinion was simply laughed at, now 
we see that he was correct, and only had the mis- 
fortune to be about thirty years in advance of his time. 

During the year 1853, the London and North- 
Western Company employed Messrs. Woods and 
Marshall to test the efficiency of the Crewe and 
Wolverton engines (see Figs. 55 and 60), the result 
being that both were continued. It was strange that 
one company should continue to employ two locomotive 
superintendents and construct such different patterns 
of engines. 

During the early part of the year 1862, Messrs. 
B. Stephenson and Co. constructed six express engines 
for the Midland Eailway, having double framep, inside 
cylinders 16 by 22, and driving-wheels 6 feet 6 inches ; 
they were numbered 130 to 135 inclusive. One of 
these remained in use till 1892, and in 1853 Messrs. 
Sharp, Stewart & Co. built ten express engines for the 
same line having cylinders 16 x 22, and a single pair 
of 6 feet 6 inch driving-wheels, Nos. 120 to 129. 

Mr. Archibald Sturrock, locomotive superintendent 
of ihe Great Northern Railway, in 1853 designed, and 
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i[ Messrs. E. & W. Hawthorn built, a large express 
i engine for that line, No. 215. This engine ran upon 
eight wheels, four in a group, but not in a bogie, a 
single pair of driving-wheels 7 feet 6 inches diameter, 
and a pair of trailing wheels. The cylinders were 
e inside, 17 x 24, and the engine had double frames. 
f. This engine appears to have been broken up about 
e 1870, for at that date a new engine. No. 92, was built, 
h having the old 7 feet 6 inch wheels, cylinders, and 
some other parts from old 215. No. 92 is still at work. 
Mr. Pearson, the locomotive superintendent of the 
Bristol and Exeter Railway, and a very strong 
advocate of the broad gauge, " could not rest to think 
J, the narrow-gauge " Cornwall" (Fig. 56) had the largest 
wheel and attained the greatest speed." He therefore 
I designed, and Messrs. Roth well and Co., of the Union 
I Foundry, Bolton, constructed, a class of broad-gauge 
t tank engine in 1863 which ran upon 10 wheels, 
t namely, a leading bogie, a single pair of driving- 
e wheels 9 feet diameter, and a trailing bogie; the 
g J cylinders were 16J X 24, the driving-wheels were 
without flanges. The driving-axle was placed above 
the framing. The boiler contained 180 tubes of l+f 
inch diameter ; the total weight of the engine in work- 
[e r ing order was 42 tons. The author remembers that 
. j at a speed of about 60 miles an hour the engine was 
jf I remarkable for its very easy riding. American engi- 
neers have always maintained that these double bogie 
engines were a larger repetition of the Winans " Car- 
roU " of 1849. 

Mr. Pearson many years ago informed the writer 
that his engines had been officially tested at 81 
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j miles an hour, and that the average consumption of 
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coke over a distance of 100,000 miles was only 21f lbs. 
per mile. 

This maximum speed of 81 miles an hour was 
attained thirty-nine years ago, but it still remains the 
highest on record. In the year 1876 one of this class 
of engine ran off the line at Long Ashton, after which 
the driving-wheels were all reduced to eight feet and 
tenders were added. A few of these celebrated engines 
as altered were running until May, 1892. 

In 1855 Mr. Gooch placed a new class of engine 
upon the Great Western Railway which had been 
constructed from his designs by Messrs. R. Stephenson ; 
these engines were intended to be to some extent 
coupled " Great Westerns,'' being designed on the 
same general principles, but they had two pairs of 
7 feet driving-wheels instead of one pair of 8 feet 
wheels. These were the largest driving-wheels ever 
coupled at that time. Only ten of these engines 
were built, and after running an average distance of 
about 500,000 miles each, it was not considered 
expedient to rebuild them. 

Between the years 1853 and 1860 very much atten- 
tion was given to the subject of burning coal instead 
of coke in locomotives. Messrs. Beattie, McConnell, 
Cudworth, and others, constructed most complicated 
fire-boxes and boilers having mid-feather8, combustion- 
chambers, or special forms of " grate/' 

All these proved perfectly unnecessary, for it was 
found by experiment on the Midland Railway that a 
brick-arch placed in the ordinary fire-box below the 
tubes ; a deflector or baffle-plate within the door ; a 
fire-door by which the supply of jsold air can be pro- 
perly regulated, and a steam-jet or blower in the 
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chimney, were all that were required to eflfectually 
consume the smoke in a locomotive. 

At this period of locomotive history reference must 
be made to the works of a well-known engineer, who 
in times past took, and who still takes, an important 
part in the work. The Manchester and Birmingham 
Railway (or, more correctly, the line from Manchester 
to Crewe) had its locomotive department at Longsight, 
near Manchester, and as far back as May, 1842, Mr. 
John Ramsbottom was appointed as locomotive superin- 
tendent of that company. Upon the amalgamation, 
in 1846, he continued to hold the same position under 
the name of district superintendent of the north- 
eastern division of the London and North- Western 
Railway ; and on August 1, 1857, we find him taking 
charge, as locomotive superintendent, of the northern 
division of the North- Western Railway, at Crewe 
works, in succession to Mr. Trevithick. 

In the autumn of 1858, Mr« Ramsbottom turned out 
at the Crewe works a number of his new goods engines, 
having inside frames and inside bearings only, inside 
cylinders 17 inches by 24 inches, and six coupled 
wheels of 5 feet diameter ; and in the following year, 
November, 1859, he placed his first express engine 
(Fig. 61) upon the northern division ; it was named 
" Problem,'' and is still at work. 

The "Problem'' type, of which sixty were built 
between the years 1859 and 1865, all of which are still 
running, had cylinders 16 inches by 24 inches. 

Diameter of driving-wheels (new) 7 ft. 7} ins. 

Weight of engine in working order 27 tons. 

Weight of teouler in working order 17^ tons* 

Total #• .. .. .4 .. .. 41} tons. 
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" Problem " was also the first engine in this country 
fitted with Giffard's injector for feeding the boiler.* An 
engine of this claaa, named " The Lady of the Lake," 
was sent, when quite new, to the Exhibition of 1862, 
and was awarded the bronze medal, which it still 
carries. Mr. Kamsbottom also received a medal for 
his system of troughs between the rails, by which 
engines could, and do, pick up water when running. 



Tig. 61.- 

This latter appliance proved of considerable value on 
January 5th, 1862, when an exceptionally fine and 
important run was made from Holyhead to Euston, the 
occasion being when answers were brought to the 
despatches sent by the English Government to 
Washington, requiring the immediate surrender of 
Messrs. Mason and Slidell, who had been taken off an 
English ship, the Trent. An engine of the " Problem " 
* For pulibulua u to theiiqector, me p. 162. 
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type (Fig. 61), by means of the water-trough, ran 
from Holyhead to Stafford, 130^ miles, without 
stopping, and occupied only 145 minutes, and another 
engine went forward to London ; the whole distance, 
264 miles, being performed in five hours, with only one 
stop; and on certain favourable parts of the line several 
miles were run at a rate of "just under, if not quite, 
80 miles an hour.'' 

It is also a fact worthy of note that in the great 
railway race of 1888, when it was required to run 
through without stopping, at the highest speed, from 
London to Orewe, the old engines of the " Problem " 
type, namely, " Waverley " and " Marmion," ran the 
racing trains. All the sixty engines of the class are 
now from 27 to 33 years old, but with a light load in 
proportion to their power they are at the present day 
capable of running as fast as any locomotive now 
at work on any railway in this country. 

Mr. McConnell, at -Wolverton, in 1861, constructed 
three very large engines of the " Bloomer '' type, named 
"Delamere,'' "Caithness," and "Maberley,'' one of 
which, No. 373, engaged much attention at tho 
Exhibition of 1862 ; their chief dimensions being. 

Diameter of cylinders IS ins. 

Length of stroke 24 ins. 

Diameter of driving-wheels (new) .. .. 7 ft. 7 J ins. 

Heating surface of fire-box 242 '5 sq. ft. 

Healing surface of tubes . . 980*3 sq. ft. 

Total 1222-8 sq.ft. 

The fire-box was constructed to burn coal, and had a 
combustion chamber. 

Working pressure of steam . . . . 160 lb. per sq. in. 
Height of centre line of boiler above the rails 7 ft. 5| ins. 
Weight upon driving-wheels 14 tons. 



112 DEVELOPMENT OF THE L0C50M0T1VE. 

Tods. cwts. 
Total weight of engine in working order . . .. 34 14 
Weight of tender loaded 25 

Total . . . . 69 14 

From these details it will be seen that these three 
engines were very fine specimens, and that Mr, 
McOonnell successfully solved the problem of large 
wheels, large inside cylinders, high steam pressure, 
and high boiler. He proved that a high boiler was 
no objection, and that engines having the highest boilers 
can run with the greatest steadiness ; he also proved, 
in 1861, that with a light load these engines could under 
very favourable circumstances run ^^ within a fraction of 
80 miles an hour?^ Towards the close of the year 1861 
Mr. McConnell resigned, and Wolverton was closed as 
a locomotive built! iug establishment, Mr. Ramsbottom, 
of. Ore we, in the early part of the year 1862, being 
appointed locomotive superintendent of the whole line, 

Messrs. Neibon & Co. constructed an express loco- 
motive (Fig. 62) to send to the Exhibition of 1862 ; 
it was in every respect similar to those previously con- 
structed by the Caledonian Railway Company ; it had 
double frames, outside cylinders, and a single pair of 
8f t.-2in. wheels, and was, in fact, a larger edition of the 
Grand Junction Company's locomotives, as constructed 
at Crewe works in 1843 by Mr. Allan. 

Diameter of cylinders 17 J ins. 

Length of stroke 24 ins. 

Diameter of driving-wheels 8 ft. 2 ins. 

Total heating surface 1,172 sq. ft. 

Weight on driving-wheels 14 tons 11 cwt. 

This locomotive was purchased by the late Pacha 
of Egypt, who required an engine *' to take him at an 
average speed of 70 miles an hour/' This engine, by 
Neilson, also those built by Mr. Benjamin Connor, were 
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officially tested at 80 miles an kour, and some still 
remain in nee on the Caledonian at the present time. 
They are good engines, but the existing loads and the 
Beatlock incline have neoessitated their removal from 
main line expreeses. 

Messrs. Stephenson & Co., in 1862, constructed a 
large passenger engine named " Saltbum " for the 
Stockton and Darlington Railway, having a leading 
hogie, four coupled wheels of 7 fb. diameter, the 



Fig. 63.— Express Engine, built by Neilson, 1862. 

cylinders placed outside being 17 x 24 ; In this engine 
a small auxiliary tank was placed under the foot plate 
for heating the feed water by means of steam from 
the boiler. 

About the year 1863 Mr. Sturrock introduced 
"steam tenders" upon the Great Northern Railway 
for the goods engines. These tenders had outside 
frames, six coupled wheels, and inside cylinders, ateam 
being supplied from the engine boiler. The tender 
thus converted by Mr. Sturrock became practically a 
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second engine^ having a water-tank in the place of a 
boiler. The cylinders were 12 inches diameter and 17 
inches stroke, the cranked-axle being the middle one. 
The exhaust steam from the cylinders was discharged 
into a tubular condenser and heated the water in the 
tender tank. The weight of the tender empty was 
18 tons, and loaded, 28 tons. 

The steam tenders undoubtedly conveyed very heavy 
trains of coal, as the author saw when riding on one 
between Hitchin and London ; and the Great Northern 
Company had about fifty in use, but they did not do 
the extra amount of work to pay for their cost, and 
practically they proved a great failure. Many of the 
tenders without the steam apparatus are still in use. 

Mr. Matthew Kirtley, locomotive superintendent of 
the Midland Railway, in the early part of the year 
1861 built several powerful tank engines to assist 
trains up the Lickey incline ; these had double frames, 
six coupled wheels of 4 ft. diameter, and cylinders 
16J X 24. They are still at work but renumbered. 

Mr. Kirtley also, early in 1862, designed and con- 
structed at Derby six powerful express engines to 
convey the anticipated heavy traffic to the exhibition of 
that year. These engines ran upon six wheels, the 
driving and trailing wheels being 6 feet 2 inches 
diameter, and coupled, the cylinders were 16J inches 
diameter, 24-inch stroke, and the steam pressure 
140 lbs, per square inch ; they were numbered 80 to 85 
inclusive. On one occasion the writer rode from 
Leicester to King's Cross, London, upon one of these 
engines, when it drew 10 coaches, and on the return 
joujueyi with a much lighter load, a speed of 72 
miles an hour was attained upon a falling gradient. 
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Previously to thia date four-wheeled coupled enginis 



had been considered unsuitable for passenger traffic and 
high speed. 
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In 18C4, Mr. Matthew Eirtley, tbe Midland Com. 
pany's looomottve superintendeiit, decided to construct 
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at the Derby "Works 20 express engines, generally 
known as the " 30 class," having cylinders 16J X 22, 
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and drlving-'wlieela 6 feet 8 inclies diameter (see Fig. 
63). 

These engines liare been remarkable for the heary 
work which they have performed, and for economy both 
in fuel and repairs. 

With a toad suitable to their power, they are still 
capable of running at the highest speeds, but of course 
they are not now sufficiently powerful for main line 
expresses. 

From the formation of the Midland Bailway Com* 
pany in 1844 to the close of the year 1862, Mr. Kirt- 



Fig. 65.— Tank Engine, No. 780, Midland Eailwaj- Ccmpany, 1870. 

ley constructed the goods engines with cylinders 16 
by 24, and 5 feet 2 Inch wheels. From 1863 to 1869 
he employed 16J inch cylinders, and from 1869 to 
1875, 17 inch cylinders {see Fig. 64). 

For working the Midland Company's trains over the 
Metropolitan Railway, Mr. Kirtley designed, and 
Mesara. Diiba & Co. in 1870 constructed, twenty tank 
engincs(Fig. 65) having cylinders 17 X 24, four coupled 
wheels 5 feet 2 inches diameter. 

Mr. Kirtley also designed a powerful class of express 
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engine for the Midland Bailway, of which forty-eight 
were built in 1870, thirty by Messrs. Neilson & Co., 
and eighteen at Derby, having cylinders 17 X 24, and 
four coupled wheels of 6 feet 8 inches diameter ; the 
tractive force which could be exerted for each pound of 
effective steam pressure per square inch upon the pis- 
tons being 86-7 lbs., or thus — 

i^^4pi^* = 86-71bB. 

The distance between the centres of the two cylinders 
is 2 feet 6 inches ; this has always been a very great 
advantage to these engines, on account of the extra 
width available for steam and exhaust passages. 

The boiler and fire-box were of the standard pattern, 
previously used by Mr. Kirtley for his goods engines 
(Fig. 64). The boiler contained 168 brass tubes of 
2 in. diameter outside, and was fed by one injector and 
one pump. 

eq. ft. 

Heating surface of tubes 993 

Heating surface of fire-box 103 

Total 1096 

Two safety valves were placed upon the dome, pressed 
to blow off at 140 pounds per square inch. 

A Roscoe lubricator was also provided. 

Surface or area of fire-grate, 17 square feet ; wheel- 
base of engine, 16 feet 6 inches. 

Weight in working order — 

tons owt. qrs. 

Of engine 36 18 2 

Of tender 24 16 2 

Total 60 U 



MIDLABD "800" CLASS. 119 

These engiaes have been remarkable for their excel- 



lent working, and since their cylinders have been en- 
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larged to 18 inohes diameter, their efficiency has been 
still farther increased. 

The tender (Fig. 67) ran upon six wheels, and carried 
2,000 gallons of water, and, if necessary, 4 tons of coal, 
and was provided with a hand brake applying a wooden 
block to each wheel. 

In 1871, Mr. Kirtley introduced another type of ex- 
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Fig. 67.— Midland Tender, 1870. 



press engine on the Midland Bail way, having inside 
bearings only for coupled wheels. 

No. 890, the first of this class, had cylinders 17 X 24 
and coupled wheels 6 feet 8 inches diameter. A very 
large number of engines of this type of framing have 
since been built and are all at work. 

It will be observed that these engines had double 
frames, but the coupled wheels had inside bearings 
only ; the chief dimensions being as follows : — 



ft. in. 
.. 17 



Diameter of cylinders 

Length of stroke 24 



MIDLAND " O90 CI.A8S. 1 

ft. ia; 

Diameter of coupled vbeelt 6 8 

Nmnbel of tulxiB 232 

Diameter of tnlKfl 1} 

Soiler prsBaure UO lbs. per Biiiare inch. 

Heating surface of fiie-box 92 

Heating luiface of tabea 1,020 

Total 1,U2 

Number of square inches of \ Leading 104' 

bearing Burlaoe on each } Driving .. .. 133' 
pail of jouroalB . . . . ) Ttailbg . . . , 12S* 



Weight of engine in average irorking order . . 36 It 
„ tender „ „ ,, .. 26 i 

Total 62 18 



Fig. 68. — ^irtlej'a Ezpress Engine, Midland Bailwaj Company, I8T1. 

When the Americau Fullmaa car trainB were first 
introduced into this country in 1874 engioes of the 
890 claas were employed to work them, and were 
specially fitted with a central buffer at the back of the 
tender, as the cars had not side buffers. 



CHAPTER IV. 

MODERN LOCOMOTIVES FOR MAIN LINE TRAINS. 

It being difficolt to exactly define what ia meant hy 
" modem locomotives," for the purposes of this chapter 
engines irill be included which have been designed and 
constructed within the past twenty years. 



Fig. 69.— Glasgov and South- Western Eipresa Engine, Jolj, IST3. 

Mr. James Stirling, locomotive superintendent of the 
Glasgow and South- Western Railway, at Kilmarnock, 
in 1873, was the first locomotive engineer to introduce 
a design or combination which included a leading- 
bogie, four coupled wheels 7 feet diameter, and inside 
cylinders 18 inches diameter. 
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The tractive force exerted for each pound of effective 
steam pressure per square inch in the cylinders being, 
therefore, — 

18x18x26 



84 



s 100-285. 



It had been contended by many engineers that a 
pair of 18-inch cylinders with their valves between 
them could not be placed between the frames of an en- 
gine upon the 4 feet 8| inch gauge, but Mr. Stirling 
proved that sufficient space existed by placing the 
cylinders thus in his new engine. 

The boiler is flush-topped, having a Bamsbottom 
safety-valve placed over the fire-box casing, and is 
without a dome. 

No. 6 (Fig. 69) was reversed by means of screw gear, 
but in May, 1874, Mr. Stirling completed a similar 
locomotive, No. 95, and it was the first to be fitted with 
his steam reversing gear. This gear consists of two 
small cylinders placed horizontally upon the right-hand 
side of the foot-plate, both the pistons being attached 
to one rod which passes out through the front cylinder 
cover and is connected to the rod working to the re- 
versing gear. By means of a small handle the engine- 
driver can admit steam to either end of the steam 
cylinder, and thus put the engine in forward or back- 
ward gear at pleasure. Between the two cyh'nders the 
piston rod carries an index which works over a fixed 
scale showing the position of the gear and the propor- 
tion of the stroke at which the steam is being cut off 
in the main locomotive cylinders. 

To retain the steam reversing gear in any required 
position the second small cylinder is completely fiUed 
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with oil, and its piston can only move when the driver 
permits a valve to open to allow the oil to pass from one 
end of the small cylinder to the other. 

Therefore, without any manual labour the engineman 
can reverse the locomotive by means of a small handle 
upon the foot-plate, and as the one handle actuates both 
the steam valve and the oil valve, it follows that in 
whatever position the driver stops the supply of steam 
the oil will firmly hold the gear. 

Engines of this type still remain the standard pattern 
upon the Glasgow and South-Western Railway, and 
Mr. Stirling has during recent years introduced a very 
similar design upon the South-Eastem Railway, but 
having cylinders 19 inches diameter, for working the 
express trains between Charing Cross and Dover. 

In 1874 Mr. Stroudley designed and constructed at 
the Brighton Works an engine named the " Grosvenor," 
No. 151 (Fig. 70). 

This engine has a single pair of driving wheels 
6 feet 9 inches diameter, cylinders 17 X 24, weight on 
driving-wheels 14 tons. The " Grosvenor,*' was sent 
with the Brighton Company's train to the Newark 
Brake trials in 1875 ; it also was the engine employed 
throughout Captain Gallon's brake experiments in 
1878—79. 

When the " Grosvenor '* was new the author rode 
several trips upon her foot-plate. On one of these 22 
coaches were conveyed from London to Brighton by 
the five o'clock express without any loss of time. 

Mr. S. W. Johnson, in 1875, introduced a powerful 
type of engine upon the Midland Railway for the con- 
veyance of heavy mineral trains. No. 14 i8 (Fig. 71), 
being one of those built by Kitson & Co. 
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Engines of tbis claw have oyliaders I7| X 26, and 



eix coupled wheels of 4 feet 10 inches diameter ; the 
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* 

tractive force for each pound of effective pressure on 
the pistons being therefore — 

00 

Heating surface 1,225 square feet. 

In 1878 Mr. F. W. Webb, of the London and 
North- Western Railway, converted one of the old 
engines on that line into a compound, on Mr. Mallet's 
system, the result of its working being that Mr. 
Webb in 1881-2 built at Crewe a compound engine 
of his own design named "Experiment,'' No. 66. 

Mr. Webb's system employs three cylinders, namely 
two high-pressure cylinders of equal size, placed out- 
side and arranged to drive the hind driving-axle, 
and one low-pressure cylinder placed inside, under 
the smoke-box, and arranged to drive the front 
driving-axle ; the steam, of course, passing from the 
two high-pressure cylinders into the one low-pressure 
cylinder. 

There is no subject relating to locomotive construc- 
tion which has engaged so much attention and caused 
so much controversy as the introduction of "Com- 
pouud " Express Engines. The advocates of the com- 
pound principle maintain that " as the steam is used 
twice over there must be a saving in fuel, and that 
even if some of the early engines built are not fully up 
to expectations the defects will be overcome in the 
next to be constructed." 

On the other hand the advocates of the " Simple " 
system point out that two sets of cylinders and motion 
are cheaper to construct and cheaper to maintain than 
three seta; they hold the opinion that there is no 
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saving in coal, and that even if there were, it would 
be due to the high pressure of steam used, not to the 
compound principle ; and with regard to the question 
of fast running they refer to the fact that at the time 
of tho great railway race of 1888 the three-cylinder en- 
gines had to be withdrawn, and " simple two-cylinder " 
engines employed to perform the fast running. 

The only possible way to prove what are the real 
capabilities of the "Simple" and "Compound** 
systems, respectively, is to have a complete and im- 
partial trial. Let two engines be built, the one 
"Simple," the other " Compound "—the boilers, fire- 
boxes, heating surface, pressure of steam, and diameter 
of driving-wheels, being identical in each. Let the 
first cost, cost of maintenance, consumption of coal and 
oil, be carefully ascertained, and let the two engines 
be run over the same section of line with similar 
trains ; in fact, have the trials made absolutely fair, 
and in a very short time the results would settle all 
the controversy. 

The writer has watched the subject most carefully 
from the first, in an impartial spirit, but he cannot fail 
to observe that "facts'* are in favour of the "Simple'* 
engine. Whatever a " Compound *' engine can do a 
"Simple** engine can do, and frequently with more 
efficiency. It is therefore not a matter of surprise 
that the locomotive superintendents of all the other 
important lines, after having made themselves fully 
acquainted with the "Compounds'* in use in this 
country, continue to build large numbers of non-com- 
pound express engines, which give great satisfaction. 

In 1881 the late Mr. William Stroudley, locomotive 
superintendent of the London, Brighton and South 
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Coast Railway, found that engines of increased power 
were required to work the Company's express trains, 
which were constantly increasing in weight ; for instance, 
^he 8-45 A.M. express from Brighton to London Bridge 
being a train often consisting of 25 coaches, the time 
ayowed being 1 hour 10 minutes, the weight, including 
engine and tender, being fully 350 tons. The return 
train leaves London Bridge at 5 p.m., and arrives at 
Brighton at 6*5 p.m. 

Mr. Stroudley, therefore, constructed in 1882, at the 
Brighton works, a powerful express engine named 
"Gladstone'' (Kg. 72). 

ft. in. 

Diameter of cylinders (18^) 1 6^ 

Length of stroke (26) 2 2 

Diameter of coupled wheels 6 6 

The tractive force for each pound of effective pres- 
sure in the cylinders is therefore — 

Total heating surface • • . . . 1,485 sq. ft. 

tons. cwis. 
Weight of engine in working order . . • . 38 14 
Tender loaded 27 7 

Total 66 1 

This engine is fitted with the Westinghouse auto- 
matic brake applying two cast-iron blocks to each of 
the coupled wheels, and one block to each tender 
wheel. The valves are actuated by the ordinary 
"Howe" curved link motion, the reversing being 
performed by the late Mr. Stroudley's arrangement, in 
which air from the Westinghouse brake is made to do 
the duty of a reversing lever or screw. 

The position of the valves is under the cylinders^ 

K 
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therefore it follows that when ateam is shut off, all 
frictioa between valves and their faces ceases. To 
reduce the wear of the leading wheels Mr. Stroudley 
arranged a pipe leading from the bottom of the exhaust, 
in order to turn a jet of eteam against the flange of 
each leading wheel, the cold wheel condenses the steam 
and lubricates the flanges, and when running round 
sharp curves, especially in dry weather, the grinding 
noise of leading wheels, so often observed upon many 
lines, is consequently avoided. 



Fig. 72. — Brigtitoii Companj'a Express Eagine, 1882. 

The tender runs upon six wheels, carries 2,250 gal- 
lons of water and two tons of coal, and has inside frame 
and inside bearings only. 

A number of other similar engines have been built, 
one of which, named " Edward Blount," obtained a gold 
medal at the Paris Exhibition in 1889. 

Engines of the " Gladatone" type have very success- 
fully coped with the difficulty of conveying express 
trains of excessive length ; however, in consequence of 
the increase of traffic and the generally-expressed wish 
of the passengers that "the journey from London to 
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BriglitoD should be performed iq an hour," it is prob- 
able that at no diBtant date some of the heaviest trains 
will have to be run in duplicate. 



The line from London Bridge to Brighton is about 
50^ miles in length, and about three miles from London 
the Nev Gross incline of 1 in 100 for S^ miles com- 
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meucee, after which the line rises and falls hy gradients 
of 1 in 364 to three summits, one at Merstham tunnel, 
another st Bolcomhe tunnel, and the third at the 
Clayton tunnel. It therefore follows that with a train 
of fair average length, an engine having a " single " 
pair of driving wheels of 7 feet or 7 feet 6 inches dia- 
meter could, without difficulty, perform the journey of 
50| miles in 60 minutes. 

Fig. 72 shows that the " Sladstone " has the four 
large coupled wheels placed in front; this arrangement 
enables a very mnch shorter coupling-rod to be em- 



F!g. 74.— Uidland Tender, No. 1631. 

ployed, and leaves the length of the fire-box practically 
unlimited, which is not the case when the trailing 
wheels are conpled. However, for the fastest express 
work the writer would prefer an uncoupled wheel as 
leader. 

The heavy express goods traffic upon the Midland 

Eailway necessitates the employment of powerful loco- 

• motives. In 1877, Mr. Johnson introduced engines 

for this work having cylinders 17j by 26 inches, and 

wheels of 5 feet 2J inches diameter ; his more recent 
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engines are of similar appearance, but have cylinders 
18 by 26 inches, wheels 5 feet 2^ inches and a boiler 
pressure of 150 lbs. per square inch. Several hundreds 
of these engines are at work and giving good results. 

The tender (Fig. 74) runs on six wheels, carries 
2,200 gallons of water, and has a coal space of 144 
cubic feet. 

Mr. S. W. Johnson, the locomotive superintendent 
of the Midland Railway, introduced " bogie '^ express 
engines upon that line in 1876, and since that time 145 
have been built of the same general design as Fig. 75, 
but with cylinders varying from 17^ to 19 inches 
diameter. Until 1885,. the steam pressure employed 
was 140 lbs. per square inch, but in that year Mr. Johnson 
designed the 1738 to 1757 class, having steel boilers 
and a high pressure of 160 lbs. per square inch. Their 
dimensions being— 

ft. in. 

Diameter of cylinders (18) 1 6 

Length of stroke (26) 2 2 

Diameter of coupled wheels , . . . . 7 

The tractive force exerted for each pound of efEec- 
tive steam pressure per square inch in the cylinders 
being, therefore, thus — 

18x18x26 

gj =100-285. 

As the steam pressure carried is 160 pounds per 
square inch, and the weight available for adhesion 
is over 28 tons, it follows that the engine is capable 
of performing fast and very heavy work. 

ft in. 
Distance apart of cylinders from centre to centre 2 4 
Length of boiler between tube plates .. .. 10 10^®^ 

Mean diameter of boiler inside 4 1 

Number of tubes 246 

Diameter of tubes If 
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Pl«MiiM of tteua 160 lbs. 

ToUl heating tnrfaca 1,261 «q. ft. 



Weight in working order- 
On bo^ wheels 

On dnving wheels 

On tniling wheels 



Total 



Weight of t«Dder, full, 3,260 gaUona of 
w»ter and 2 tons of coal 

Oiand total engine and tender 



Fiff. 7S.— Midland Railway Express Engine, bnilt 1885. 

One of these engines, No. 1757, " Beatrice," was 
sent in 1887 to the Saltaire Exhibition, and has since 
been employed to work several royal trains. 

For the purpose of working the Midland Company's 
trains over the Lancashire and Torkshii'e Railway, 
vid Hellifield, and thence to CarlUIe, Hr. Johnson in 
1888 designed the 1808 to 1823 class, similar to No. 
1738, but with coupled wheels of only 6 feet 6 inches 
diameter. 
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The following is the complete list of the Midland 
Company's coupled bogie express engines, all of which 
are giving excellent results :-^ 



Noe. 


Builder. 


Date. 


Cylinder. 


Stroke. 


Conpled 
wheels. 


Pressure 
of Steam. 








In. 


In. 


Ft. 


In. 


Lbs. 


1312 to 1321 


Kitflon 


/ 1876 1 

\ 1877 1 

1877 


17J 


26 


6 


6 


140 


1327 to 1346 


Dubs 


18 


26 


7 





140 


1562 to 1581 


M.R. Co. 


' C1882\ 
{ 1883 ) 
1883 


18 


26 


6 


9 


140 


1657 to 1666 


M.R. Co. 


18 


26 


6 


9 


140 


1667 to 1676 


M.R. Co. 


1884 
( 1885 ) 


19 


26 


7 





140 


1738 to 1757 


M.R. Co. 


{ 1886 1 
( 1887 ) 


18 


26 


7 





160 


1808 to 1822 


M.R. Co. 


1888 


18 


26 


6 


6 


160 


11 and 14 ) 
80 to 87/ 


M.R. Co. 


1891 


18 


26 


6 


6 


160 


2183 to 2202 


Sharp \ 
Stewart j 


1892 


18J 


26 


7 





160 



The Caledonian Company's express engine No. 123 
(Fig. 76), was constructed by Neilson & Co., and 
attracted much attention at the Edinburgh Exhibi- 
tion of 1886, and during the "railway race*' of 
1888. 

The following are the principal dimensions of the 
engine :— 

Diameter of driving wheels 7 feet. 

Diameter of cylinders 18 inches. 

Length of stroke 26 inches. 

The tractive force exerted for each pound of efEec- 
tive pressure per square inch in the cylinders being 
thus : — 

18x18x26 



84 



100-286 lbs. 
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Workiiig presniTe of steam 130 Iba. 

Weiglit on driving wlteeli IT tooa. 



ieht of engiiie in ivorking order 
laei loaded 

Total 
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The engine is provided with Adams' vortex hlast- 
pipe, the Westinghouae aatomatio brake, a sand-blast, 
two injectors, and two water gauges. 

No. 123, during the "railway race," worked the 
West Coast trains between Oarli^ and Edinburgh. 

The writer rode several trips in trains over this dis- 
tance, and on one day timed the lOI miles covered 
in 104 minutes, some of the rising gradients being 
very severe, namely 1 in 75 on Beattock incline. 

Number 123 was put into express traffic between 
Edinburgh and Carlisle on June 1, 1888. 



Ilg. 77.— Caledoni&n Tender, No. 123. 

The average number of vehicles was seven, six of 
which were 8-wheeled carriages, each 42 feet long, 
and one a 6-wheeled brake van, giving a total train 
weight of about 146 tons, exclusive of engine and 
tender. 

The average consumption of coal during the " rac- 
ing " months of August, September and October, 1888, 
was 81 -8 lbs. per engine mile. 

The tender (Fig. 77) runs on 6 wheels, and carries 
2,850 gallons of water, and has a coal space of 310 
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cubic feet. The tender brake cau be applied by either 
Wcatinghonae apparatus or by the usual baud-sorev. 
Wheel-base of engine and tender, 42 ft. 6 in. 

Mr. Patrick Stirling, locomotive superintendent of 
the Qreat Northern Railway, having employed express 
engines with cylinders 17 by 24 inches, and a single 
pair of 7 feet wheels, decided to design a much more 
powerful type of express engine, having a larger 
driving* wheel and larger cylinders ; and, as he could 
not employ inside cylinders, in consequence of the 



Rsr- 78.— Type of Great. Northern ExireaB Engine, 1870 to 1887. 

height of the cranks, he placed them outside, where he 
could get them between the wheels of the bogie, and 
in a horizontal line with the centre of the driving- 
wheeL The first of these was built in 1870, and 
forty-five of this pattern (Fig. 78) are now at work. 
The particular engine illustrated was the " Jubilee " 
engine sent to the Newcastle Exhibition, 1887. 

ft. Ins. 

Diameter of cylmders IS 

Lengti of stroke 28 

Diameter of driviiig wheels (nominal) . . . . 8 
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Therefore the tractive force exerted for each pound 
of effective steam pressure per inch in the cylinder is 
thus — 

18x18x28 ^, .„ 

"96 — =9^;5i^«- 

Total heating surface 1,045 sq. ft. 

Weight of engine in working order — 

I 

tons, cwffl. 

On front bogie wheels 8 2 

, On rear bogie wheels 9 9 

^ m On driving wheels #. .. .. 17 

On trailing wheeU 10 12 

Total 46 3 

Weight of tender loaded 33 7 

* Grand total, engine and tender . . . . 78 10 

At the time of the " race," engines of this type with 
loads of 7 to 9 coaches, weighing 120 to 140 tons, burnt 
only 22*6 lbs. of coal per mile, when working between 
London and Grantham, and Grantham and York. 
■ Nothing can more clearly show their economy in regard 

to fuel. 

The line rises upon leaving London, King's Cross, by 
gradients of 1 in 105 and 1 in 110 through Maiden 
Lane and Copenhagen tunnels, and from about the 
4J mile post to the 12J post is all rising one in 200. 
It is found in practice that engines similar to Fig. 78 
can take from 16 to 20 coaches up hill to Potter's 
Bar at an average speed of 40 miles an hour, and then 
they can run the remaining 92 miles to Grantham 
without a stop at an average of just under, or if neces- 
sary, fully 60 miles an hour. In 1888 No. 776 took 
an important part in the "race to Edinburgh,'' and 
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engines of this type have been timed at a speed of '^ just 
under> or practically, 80 miles an hour." 

Since 1886 Mr. Stirling has placed several new ex- 
press engines upon the Great Northern Railway, known 
as the 230 class, in which he has returned to the inside 
cylinder pattern. These have 6 wheels, cylinders 18 J 
X 26, and driving wheels 7 feet 7J inches when new. 

The practical result of working is that both types 
are very efficient. The inside cylinder class is less 
costly to build, the coal consumption is the same in 
both ; and with reference to the question of speed it is 
found that the 7 feet 6 inch engines can run equally as 
fadt as the 8 feet engines. For extremely fast running 
an inside cylinder engine is more suitable than an oitU 
aide ; it is therefore probable that in future the inside 
cylinder class will become the standard. 

A special series of comparative trips recently made 
between Doncaster, York, and Peterborough, with a 
*' compound " engine, and a Great Northern " simple'* 
engine resulted considerably in favour of the latter. 

For working the Great Eastern Company's heavy 
express trains between London, Yarmouth, Cromer, 
Doncaster, &c., Mr. James Holden has designed and 
constructed at Stratford several engines of the tvpe 
illustrated (Fig. 79). 

These engines have four wheels coupled, 7 feet dia- 
meter, the leading end being carried by a pair of 4 feet 
wheels. 

The cylinders are 18 inches diameter, and the stroke 
24 inches ; the tractive force exerted for each pound 
of effective steam pressure per square inch on the pistons 
is therefore — 

18x18x24 



84 



= 92-57. 
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The axle of the leading wheels ia pro\ided with both 
inside and outside axle-boxes. 

Total hestiiig aafaee 1,230 sq. ft. 

Weight in working order 42 tons 

Weight ol tenclei 30 tona 12 owta. 

72 toni 12 cwts. 

The boiler is 4 feet 3 inches diameter inside, butt 
jointed, the plates being of steel J inch thick, and the 
working pressure of steam 150 lb. per square inch- 



Fig. 79.— A Hodem Qreat EaBtem Express Engine. 

The inside fire-box i» of copper ^ inch thick, except 
the tube plate, which is 1 inch thick at top and ^ inch 
at the bottom. It is now the practice at Stratford to 
fit all engines haying cylinders 17 inches diameter 
and upwards with 5^ inches steam pipes and large 
regulators. 

Indicator diagrams taken from the steam chest and 
cylinders show far leas wire drawing at high speeds 
than formerly with the 4j-inch pipes. 

The cylinders are caat in one, and placed with the 
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valve faces downwards. This arrangement allows of 
long axle bearings. The cylinders are well drained, 
and the valves can drop from the faces when running 
with steam shut off. 

The valves are worked by the ordinary link-motion, 
counterbalanced by a spring and reversed by a wheel 
and screw. All engines now built at Stratford have 
single slide-bars, and cast-steel cross-heads, motion 
plates, spring hanger brackets, spring hangers, horn 
blocks, etc., and cast steel is now being introduced 
for all wheels. The coupling rods are made of 
wrought-iron of I section. 

The tender is carried upon six cast-steel wheels of 
4 feet diameter, the springs being outside the frames 
and (like all the new tenders) is now fitted with 
axle-boxes of a new pattern ; the box is cast in one 
without keep, a large oil reservoir is arranged to slip 
in under the journal from the front, which is easily 
removed to change the oil pads as required ; a dust 
shield is provided at the back or inner end of the box. 
These axle-boxes are found to work very satisfactorily, 
and there has not been any case of trouble from their 
heating. The tender carries 2,640 gallons of water and 
three tons of coal. 

The whole of the passenger rolling stock upon the 
Great Eastern Railway, including, of course, engine 
719, is fitted with the Westinghouse automatic con- 
tinuous brake. 

The express trains upon the Great Eai^tern Railway 
are heavy, more especially so during the summer 
months, when they are made up at Liverpool Street 
Station from 18 to 21, and sometimes even more, 
6- wheeled carriages, the majority of which are third'' 
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class six compartment veliiclesy all fully loaded and 
drawn by one engine. The work which has to be 
performed by such engines is yery greatly increased, as 
the writer observed when travelling with the trains, 
by the fact that at a distance of about half a mile from 
the starting point the Bethnal Green incline commences 
and continues for nearly three-quarters of a mile upon 
a gradient of 1 in 70 ; the gradients on both the 
company's main lines are severe, the curves both 
numerous and sharp, and'the trains long. 

In 1888 Mr. Holden designed a new type of express 
engines somewhat similar in appearance to 719, but 
having a " single '* pair of 7 feet driving-wheels ; these 
are also giving great satisfaction. 

The Great Eastern Company has several locomotives 
at work fitted with Mr. Holden's system for burning 
liquid fuel. One of these, "Petrolea" (No. 760), is 
fitted to burn liquid fuel, but beyond the addition of 
an oil tank on the tender, and a few pipes leading to 
the liquid fuel injectors below the fire-hole door, 
there is nothing in its outward appearance to distin- 
guish it from a coal-burning locomotive, to which it 
can be converted at any moment, there being no 
alteration in the construction of the fire-box. A 
special feature of the injector is an outer ring through 
which jets of steam pass, these jets impinging at the 
nozzle on the liquid fuel induced through a central 
cone, and breaking the fuel up into a very finely 
divided spray which ignites immediately. There is 
a passage in the injector through which air also is 
induced, and as the emission of steam, liquid, and air 
can be adjusted independently of each other, combus- 
tion is regulated to a nicety, and the slightest smoke 
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avoided. The fire is lit up with coal in the usual way, 
and a bed of incandescent fuel and chalk or broken 
bricks kept up, the weight of coal used in conjunction 
with the liquid fuel being about one-third of the total 
fuel consumed. The saving of labour to the fireman 
is, of course, very great, whilst the incandescent base 
enables the engine to lie practically inert for hours 
if requited, yet ready to start into action directly the 
injector is worked. The ** Petrolea '* is employed to 
work some of the fastest and most important of the 
Company's trains, and the ** fuel experiment '* is 
being watched with great interest. 

The Manchester, Sheffield, and Lincolnshire Com- 
pany has recently constructed a new class of engine 
(Fig. 80), at its Gorton works, from the designs of 
Mr. Parker, locomotive superintendent. 

These engines work the main line trains between 
Manchester, Retford, and Grantham. They have 
cylinders 18 X 26, coupled wheels 6 ft. 9 in. 
diameter, with pressure of steam 160 pounds. Total 
heating-surface, 1,278 square feet. The tractive force 
for each pound of effective pressure is 104 lbs. The 
piston speed when running at 60 miles an hour is 
thus — 

26x60x66 «l,076 feet per minute. 
81 

Weight of engine in working order . . . . 46 tons* 
Tender in working order 35 tons. 

Total 81 tons. 

The tender carries 3,080 gallons of water and 4 tons 
of coal, and is provided with a special design of axle- 
box which is easily accessible. 
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The main line of the Manohester, Sheffield, aad 
LiDcolosbire Company fonns a very considerable 
link in the through route between Manchester (London 
Road) and London (King's Cross) ; and to avoid an 
extra stop at Retford, the SbefGeld Company's engines 
work these express trains over the Great Northern 
Railway as far south as Gfrantham, and it is upon tbii 
important service that No. 564 and its lister engines 
are employed. 

The loads vary from 120 to 200 tons, equivalent to 
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nine to fifteen vehicles. The average speed, exclusive 
of stoppages, equals 44J miles an hour. 

In order to fully appreciate the work which has to 
be performed, it is necessary to take into account the 
heavy gradients and also the very numerous curves 
■which exist (the sharpest of which has a 7-chain 
radius), and which, of course, cause much extra fiange 
friction. The writer has recently made several trips 
in trains over the route in order to carefully note the 
actual working of the engines upon the varioua 
gradients. 
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Leaving Manchester, the engine has one continuous 
up-hill pull of 22 miles to Dunford Bridge, the 
gradients being chiefly 1 in 100, 108, 97, 100, 177, 201. 

Upon the return journey, after leaving Sheffield, 
the train has to climb up to Dunford Bridge, 19 miles 
of 1 in 132, 120, 131, 100, 135. EaUway-men will 
see at a glance the work which these gradients imply, 
more especially when the long incline has to be faced 
after the engine has worked from Grantham to 
Sheffield, a distance of 56 miles, and made a start from 
that station. 

The average consumption of coal per mile of the 
564 type has been reduced to 24 lbs., and under favour- 
able circumstances to 22^ lbs., per mile. 

At the present time the Manchester, Sheffield, and 
Lincolnshire line may be regarded as an extensive local 
system, its engines working from Liverpool on the west 
to Grimsby on the east, as far north as Scarborough, 
and south to Grantham. By a recent Act of Parlia- 
ment, the company's system is being extended to 
Nottingham, and by means of a projected line through 
Leicester to Aylesbury it is now certain that at no 
distant date the Manchester, Sheffield, and Lincoln- 
shire line will, in connection with the Metropolitan, 
become a great through route upon which its own 
engines will work trains to London. 

The North Eastern Company exercises its running 
powers over the North British Bailway between 
Berwick and Edinburgh, and provides the locomotive 
power for the through East Coast Joint Stock 
expresses between York and Edinburgh. For several 
years this service was worked by engines designed by 
Mr. Fletcher in 1870, having four ooupled 7 feet 
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wheels and cylinders 17 by 24. In 1885 twenty 
express engines were built at the suggestion of Mr. 
Tennant, General Manager; these had 4 coupled 
7-feet wheels, cylinders 18 by 24, and 1,250 square 
feet of heating surface ; these proved remarkably fine 
engines, and still work the express trains between 
Newcastle and York. 

In the early, part of the year 1889 Mr. T. W. 
Worsdell, having become the Company's locomotive 
superintendent, made a new departure by constructing 
an engine — No. 1329 — having a single pair of driving 
wheels 7 feet 1^ inches diameter, and upon the com- 
pound principle. The working results of this engine 
proved thoroughly satisfactory to Mr. Worsdell ; he 
therefore decided to construct five others of a still 
larger design, one of these being No. 1518 (Fig. 81). 

Mr. T. W. Worsdell has laboured very energetically 
in the development of the "two-cylinder compound 
engine " (Fig. 81), which he maintains is better than 
the three-cylinder system. 

The North-Eastern compound engines are worked 
upon the system of Messrs. Worsdell and Von Borries ; 
the latest design (Fig. 81) has a high-pressure cylinder 
•20 inches diameter, and a low-pressure cylinder 28 
inches diameter, the stroke in both cases being 24 
inches. To place two such large cylinders between 
the frames it was found necessary to fix them at 
different levels, so that their axes are not parallel. 

The driving-wheels are 7 feet 7^ inches diameter. 

The valves are worked by the Joy gear, through the 
medium of rocking shafts. There is also a special 
valve arrangement by which high-pressure steam can 
be admitted direct to the low-pressure cylinder. This 
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arrangement enables tlie engine to be started when the 
high-presaure cylinder is upon a dead point. The 
boilers have been built to carry a working pressure of 
steam of 300 pounds per square inch, but at the present 
time 175 pounds is the pressure uaed. 



Fig. SI. — The Latest Design ot North Eaatem Engine, 

Total heating surface 1,139 aq. ft. 

Weight on driving itheels IT tons, Id cwt. 

knu. cwta. qra. 

Weight of engine (full) 46 13 i 

Weight of tender (full) 40 1 

Total .. .. 80 14 2 

The weight of 17 tons 15 cwta. upon the driving- 
wheels, assisted by the sand-blast, is found amply- 
sufficient to provide the necessary adhesion. 

This is the heaviest class of engine and tender com- 
plete running in this country. 

The tender carries 4 tons of coal and 3,940 gallons of 
water, which enables these engines to run through from 
Newcastle to Edinburgh, 134 miles 31 chains, without 
a stop. 

Several of these engines have run at very high speed. 
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and the writer has timed them at just under 80 miles 
an hour. 

No. 1,617 was put into traffic between Newcastle 
and Edinburgh early in October, 1889. The loads 
varied from ten to twenty-two vehicles. At the end of 
October the average coal consumption was stated to be 
26'4 lbs. per mile. On one occasion a trial was made 
between Newcastle and Berwick with a train of thirty- 
two empty carriages; the distance — 67 miles — was 
run in 78 minutes, or three minutes under the time of 
the Scotch Express, and this with a load of certainly 
not less than 270 tons, exclusive of engine and tender. 

Mr. TVorsdell has also conferred a boon upon the 
drivers and firemen of the North-Eastern Railway, by 
providing them with a good comfortable cab, as shown 
(Fig. 81). 

A similar engine. No. 1,521, was sent to the 
Edinburgh Exhibition of 1890. 

Mr. William Adams, locomotive superintendent of 
the London and South-Western Railway, has lately 
designed and constructed, at Nine Elms, twenty ex- 
press engines (Fig. 82) of great size and power. 

' Diameter of cylinders 19 ins. 

LengUi of stroke 2G ins. 

The piston-rod passes through the front coyer 
of the cylinder. 

Diameter of bogie wheels 

Diameter of coupled wheels 

Length of boiler barrel . • 

Length between tube-plates . . 

Diameter of boiler outside 

Numbcnr of tubes 

Diameter of tubes outside 

The boiler is made of mild steel plates. Work- 
ing pressure of steam, 176 lb. per Eq. in. 
The boiler is fed by two No. 8 injectors. 

From rails to centre of boiler 



ft. 


ins. 


3 


9| 


7 


1 


.. 11 





.. 11 


4 


4 


4 


240 





IJ 
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ToUl .. .. 1,367-76 

Area of fire-grate 18 

ft 
Prom front of buffer pUte to centre of bogie ., 8 
From bogie centre to centre at driTing-azIe 10 

From driving to trailing . . . . S 

From trailing axle to back of frame . 



The frames are of mild steel, placed inside, and 
the axles have inside-beartDge only ; the driving and 
trailing springs are attached to a compenBating beam ; 



Fig. 82.— The Latest Besga of London & South-Western Express 
Engine, Ko. S80. 

the axlea are of cast-steel ; the tires of steel ; copper 
fire-box and braes tubes ; the coupling-rods are of 
wrought-iron of I. section. 

The tender runs on six wheels of 3 ft. 9{ ias. 
diameter, the capacity of the tank being 3,300 gallons. 

Weight of engine in working order — 

Tons. ewt. gn. 

On bogie vheels 18 10 

On driying wheels 15 13 

On trailing wheels 14 18 

Total engine .. .. 48 16 



MR. ADAMS's DESIGN. 151 

Tender — 

Tons. cwt. qrs. 
On first pair of wheels . . . . . . 9 18 

Oa middle 10 8 

On third 11 14 



Total .. 32 

Total engine and tender in working 

order ' .. . . 80 15 

ft. in. 
Total wheel-base of engine and tender . . 44 Si- 
Total length, over bufifers 53 8| 



One cast-iron brake-block is fitted to each coupled 
and tender wheel applied by " steam '' ; the engine is 
also provided with the necessary apparatus for working 
the automatic yacuum brake upon the train. 

Mr. Adams has also designed and constructed 
another type of locomotive for either passenger or 
goods traffic, these new engines being employed to 
run express goods between London and Exeter, and 
also upon heavy excursion traffic. 

They are tender engines running upon six wheels, 
haying four coupled wheels in front and a small pair 
of trailing wheels under the foot-plate. 



** 630 CLASS." 


* 


Diameter of cylinders 


• • 


. . 18 ins. 


Length of stroke . • 


t • 


.. 26 „ 


Diameter of coupled wheels 


m9 


. . 6 ft. 


Leng^ of boiler barrel . , 


• • 


.. 11 „ 


Number of tubes 


• • 


.. 218 


Diameter of tubes (outside) 


• • 


. . If in. 


Heating surface of tubes. . 


• » 


.. 1131-4 sq. ft. 


Heating surface of fire box 


• • 


.. 116-7 „ 



Total .. .. 1,2481 „ 

Area of fire-grate 17 sq. ft. 

Pressure of steam 160 lb. per sq. in. 



tons. 
15 
16 
10 


cwt qrs. 
6 
8 

13 


42 
30 


7 
2 
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Weight in working order — 

On leading wheeLi 

On driving wheels 

On trailing wheels 

Total engine 

Weight of tender loaded 

Grand total of engine and tender . . 72 9 
Length of wheel base of engine and tender. . 38 ft. 1 J in. 

The new class of tank engine, 62 type, for working 
local passenger trains, runs on eight wheels and has 
inside cylinders. 

The four coupled wheels are 5 ft. 7 ins. diameter, 
placed in front, and a four-wheeled bogie is placed 
under the foot-plate. The cylinders are 18 by 26. 

Weight in working order — 

Tons. cwt. qr. 

On leading wheels .; .. .. 17 3 

On driving wheels 18 

On bogie wheels 17 

Total .. .. 62 3 
Total heating surface 1,248 sq. ft. 

The South- Western Company provides its engines 
with the Adams Vortex blast-pipe, which instead of 
being a simple tapered pipe, as generally employed, 
has a central tube through which the heated air from 
the lower rows of tubes is drawn. This blast-pipe is 
found to fully answer expectations, as will be seen from 
the following official statement. 

From June, 1885, to June, 1889, the company mixed 
the coal in proportion of two-thirds Welsh coal to one- 
third hard coal ; since that time, in consequence of the 
increase in price of Welsh coal, the proportion is 
reversed, and in consequence the consumption is in- 
creased, and thus destroys the means of comparison 
with former years. (See next page.) 



CONSUMPTION OF COAL. 



153 



"S 




C0«D00OC<«t>.rt<i-i 


CO 






Or-(i-HO00O»«U3 


o 


<rt 


00«OOJr-(r-«e0O5r-( 


•k 




•\#^«^ V^tf^ff^^VN 


t-« 


SPfl*0O 




i-i5^-*«DOS00b-«O 


•^ 








f-H 


« 


CCCOCOf-tiOO«300 


S 


i^cO'*i-^oooi>-t^ 


OB 


g 


■*«00<f-ll>-CO«>-T(< 


^A 


a'' 


S 




o 


M 




r-( i-t r-( 




«Ot>.COf-l'*«OOOiO 




- 3|^^' 


<NC^Ol>-«Occ«DOi-i 




tjC^eo'^foorT^'-f^ot'- 




gS^'S 




<NiooooO"«^r^"«^CiT*« 




fc ■ ■ " 


t>.l>-?0«DCO«0«0«DCO 




43 tM • 


0«t>-OOOiO<N'-'00 




5<M S »< S 


.■^»OC^»OeQ'^rt<^OOi 




a^fg&s 


^^^eocoooeococi 

1— li— lr-(i— ti— li— tf-(r-(l-^ 




(L 


«DO»rt)00r-<00C003«a 




Total 
Fuel 
Consum] 
tion. 


•Th^O«D<NO»O<N00 




S-MOOOlCOOOi-lWr-i^O 




OooO«5f-i»00«0(NOS 




HoOOSOOlOOiOOJ 




r-( r-( 1— 1 r^ r-( 




1 
e^ r^ O 






Consum 

tion 

of Fue 

per 

Engin 

Mile. 


.Oicqoposcoepoopcp 




526i6iabt^b-«b«bob-. 




•^c^icNMcMCNe^c^ie^iM 







"«^0«5'«f<COiO«'-<0 


A . 


W5C><t>-iOOO'*«Ot^CO 




Total 

Engini 

Miles, 


i-irt^t^OOlOThf^W 




i-IkO>OCOO»00«DOO«0 




Of-t«Or-(T(<<MtOO«0 




VOOi"^»-IOO»Ol-H»fir-( 




^#h#kM.^#^^, •«*» 






t*i>-t*oot^oooooooo 






i0»0^«o0j^rt<Q0O 




OOrt<C*S<MC0C0-*»0 




Ud^U2U3kO^^^U3 




fl P£] 






.4 






b OO-H 






Numbe 

of 

Engine 

fitted wi 

the 

Plain 

Pipe. 


»C«fi(N0»0>i-iOl>-«0 




O0i05000i00»0^C«l 




»OtJ1tJ100<N(M(MC<JM 




Number 

of 

Engines 

fitted with 

the 

Vortex 

BlastPipe. 


,— »OiOii>-ocooo»-tTji 




H f-H C^ <M (N CO CO 








• iO •(£ 'b* *00 • 

• 00 • 00 • OO '00 • 

00 00 OO 00 
l-H f-» i-l i-l 

lO ^«o ^t>- ^00 ^o> 




ialf-year 
ended 


004a004aOO<4^Q04aOO 




00 oDoo a>00 OQQO OOOO 




f-('-»l-ir^r-(rir-t'~''-< 




^eo ^oo ^co CO 




^ a>4a CD -ta Qi^ 0)^ 




n 


cogcogcogcogco 





154 DEVELOPMENT OF THE LOCOMOTIVE. 

Tho latest South-Eastern express engines are 
designed by Mr. James Stirling and constructed at 
Ashford ; they have a leading bogie and four coupled 
7-feet wheels; the cylinders, placed inside, are 19 
inches diameter and the stroke 26 inches. 

The results of the working of six of these engines 
stationed at Dover, and each running about 1,000 miles 
per week upon mail and express trains between Dover 
and London, were as follows, and show very clearly the 
influence of weather and working generally during 
three different seasons of the years since the design was 
introduced. 

Mat. 

Average load 12 vehioles — 120 tons \ ,«« .__ 

Engine and tender . . 70 „ f ^ ^^^ w>^8- 

Average coal per train mile, 27*62 lbs. 

NOVEMBEB. 

Average load same as above, 190 tons. 
Average coal per train mile, 30*37 lbs. ' 

August. 
Average load 15 vebicles =150 tons | —220 tons 
Engine and tender .. 70 ,, j ~" 

Average coal per train mile, 28*72 lbs. 

The London, Chatham, an d Dover Railway employs ex- 
press engines designed and constructed by Mr. William 
Kirtley at its Longhedge Works. They have a leading 
bogie, four coupled wheels of 6 feet 6 inches diameter. 

The cylinders are 17^ inches diameter, by 26 inches 
stroke, the coupled wheels being 6 feet 6 inches dia- 
meter, and the tractive force therefore — 

mijL^ = 102 lbs. 

78 

for every lb. effective pressure on the piston. The 
boiler pressure is 150 lbs. per square inch. 

The weight on the coupled wheels is 27f tons, or 
62,160 lbs., and a tractive force equal to ? of the weigh 
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available for adhesion would be given by a mean effec- 
tive pressure of — 

62160 

» 121*8 lbs. 



102 X 5 

per square inch, for which the cut-off required would be 
about 65 per cent, of the stroke. 

The boiler, barrel, and fire-box shell are of best 
Yorkshire iron, the barrel made in two plates only, 
the circumferential seams being lap jointed and single 
riveted, and the longitudinal seams butt jointed and 
double riveted. 

The top and sides of the shell are formed of one 
plate. The inside fire-box is of copper, the crown and 
sides in one plate, and the crown stayed by wrought- 
iron bars, secured by studs screwed through the crown 
plate into the bar with nuts on the underside. The 
fire-box stays are of copper. The back plate of the 
shell and the front tube plate are stayed by direct 
longitudinal stays, and the fire-box tube plate to the 
barrel by palm stays riveted to the latter. 

Height of centre of boiler from rail . . 

Length of barrel 

Diameter of barrel outside at largest part . . 

Thickness of plates 

Lengiih of fire-box shell outside 

Width of ditto at bottom . . 

Depth of ditto from centre of boiler 

Thickness of ditto plates 

Water space between fire-box and shell at 

bottom 

Thickness of fire-box plates 

Ditto tube-plate 

Number of tubes, 199 (brass) 

Diameter of ditto outside 

Pitch of ditto 

Heating surface tubes 963 square feet. 
Ditto fire-box 107 „ „ 

Total . . 1,070 
Grate area 16 '5 square feet. 
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The fire-box is fitted with brick arch and deflector 
plate on the inside, and sliding doors on the outside, 
these being fitted with an auxiliary door or valve for 
regulating the admission of air to the fire-box, the main 
or sliding doors being always closed when running, so 
that no glare or heat from the fire is thrown on to the 
footplate or into the cab, to incommode the men, or 
afiect their clear view of the signals by night. The 
grate bars are 1^ inches wide at the top, and of 
wrought iron with J-inch air spaces. 

The London, Tilbury and Southend Railway works 
its passenger traffic with large ten-wheel^ tank 
engines, having a leading bogie, four coupled wheels 
of 6 feet diameter, and a trailing pair of small wheels, 
the cylinders placed " outside " and 17 X 26. The total 
weight of these engines is 56 tons. 

The latest tank engines for the North London Rail- 
way have been designed and built by Mr. Park at Bow ; 
they have outside cylinders 17^ X 24, a leading bogie, 
four coupled wheels, and a steam pressure of 180 lbs. 
per square inch. 

The North London Company's main line extends 
from Broad Street station to the junction with the 
London and North-Western system at Chalk Farm, 
and it has branches to Poplar and at Bow which 
bring up the total length of the railway to twelve 
miles. .. 

The Company also is joint lessee with the North- 
western and Midland of the North and South- Western 
Junction Railway, and by means of running powers 
over portions of the Great Northern, London and 
North- Western, and other lines, its trains traverse the 
western, northern, and eastern suburbs of London. 
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The traffic is heavy, the gradients seyere (being 1 in 
S9 at Highgate), and the Btatioos about half a mile 
apart. 

The average mileage of the whole of the I^orth Lon> 
don Company's enginei equals 46,000 miles per annum, 
and the average fuel is 30 lbs. of coal per train mile. 

The Korth London was one of the first companies to 
eee and take advantiige of high steam pressure. When 
other lines were using 120 lbs. and 140 Iba. per square 
inch, this line employed 160 lbs. with excellent results. 



Fig.'.SS.— Metropolitan Diatriot Engrine. 

The Metropolitan and Metropolitan District Rail- 
ways have both for many years worked their heavy 
and continuous passenger traffic with leading bogie, 
outside cylinder, four-coupled passenger tank engines, 
having cylinders 17 X 24, and wheels 5 feet 9 
inches. However, the latest Metropolitan engine has 
inside cylinders and a trailing bogie. 

Fig. 83 shows that the engine has a leading bogie, 
four coupled wheels, and outside cylinders. This class 
of tank engine was originally designed for the under- 
ground railways by Sir John Fowler. On the opening 
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of the Metropolitan District Railway, the locomotive 
stock consisted of twenty-four of these engines, since 
increased to fifty-four, the whole of which have been 
built by Messrs. Beyer, Peacock & Co., of Manchester. 
These engines have proved remarkably satisfactory, as 
is clearly shown by the fact that when ordering new 
ones it has been found unnecessary to make any 
changes of importance in the dimensions. The chief 
dimensions of No. 54 are as follows : — 



Diameter of cylinders (17) 

Length of stroke (24) . . 

Length of ports . . 

Width of steam ports 

Width of exhaust ports 

Between centres ox cylinders 

Between centres of valye spindles 

Diameter of piBton rods 

Lap of valves 

Lead of valves 

Throw of eccentrics 

Diameter of bogie wheels (new) 

Diameter of coupled wheels (new) 

Total wheel base . • . . 

Diameter of boiler (inside) 

Leng^ of boiler, between tube plates 

Diameter of tubes • • . . 

Number of tubes 164 

Workinff pressure of sleaui . . 130 lbs. 

Diameter of blast-pipo • 
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When working in tunnels the exhaust steam is dis- 
charged into the water tanks. 
Weight in working order : — 

On bogie wheels 

On driving wheels . . 

On trailing wheels 



Total 



tons. 


owts. 


10 


17 


18 


1 


17 


12 


46 


10 



On journeys round the " inner circle " the author 
finds the number of booked stops is twenty-seven^ in 
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addition to which there are always several due to sig- 
nals ; the distance is thirteen miles^ and the time occu- 
pied in running sixty-eight minutes. The load hauled 
on all the circle trains and also over the gradients 
above mentioned is a train of nine coaches weighing 
from 75 to 87 tons empty. There are also a few local 
trains of five coaches running between High Street, 
Kensington, Putney Bridge, Earl's Court, Chiswick 
Park, and on the Hounslow branch. 

The entire stock of the Metropolitan District Com- 
pany, consisting of fifty-four engines and 350 car- 
riages, is fitted with the Westinghouse automatic 
brake, and it is a fact worthy of note that although 
constantly stopping trains this brake works without a 
single fault or delay being caused. 

The Company's locomotives undergo a general re- 
pair once in about two and a half years, and are prac- 
tically in constant work from one general repair to the 
next, one shed day in seven being the only time they 
are cold. 

The author finds the coal sheet to be remarkably 
good, considering the constant starting of trains, the 
heavy work, and severe gradients, the average con« 
sumption being less than 30 lbs. per mile. It must 
also be remembered that the entire railway consists of 
curves, there being hardly any straight road, and many 
of the curves are so sharp as to require check rails. 

The Great Eastern Company has several usefid classes 
of express engine, in addition to those illustrated. Fig. 
79, namely the old.' 'single" engines designed by 
Mr. Sinclair, and the large bogie express engines of 
the 602 class, having cylinders 18 X 26 and driving- 
wheels 7 feet 6 inches diameter. 
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There is also the Coupled Compound Engine^ No. 
230, built by Mr. Worsdell. 

The Lancashire and Yorkshire Kailw^ay, having heavy 
gradients and frequent stoppages, requires engines of 
considerable power. That company, therefore, employs 
engines having a leading bogie, four coupled wheels of 
6 feet diameter, and cylinders 17^ X 26, also the 
latest class having cylinders 18 X 26 and 7 feet 3 
inches coupled wheels. 

The North British Railway is also one requiring 
power : we therefore find bogie express engines with 
four coupled wheels of 6 feet 6 inches diameter and 
cylinders 18 by 26. 

On the Caledonian Railway several powerful engines 
are employed. Mr. Drummond has constructed bogie 
express engines with cylinders 18 by 26 and 6 feet 6 
inches coupled wheels, and engine No. 124 has 19 
inch cylinders. Boilers with various pressures from 
150 to 200 lbs. per square inch have also been tried 
upon this railway. 

The tank engines for working the passenger traffic 
between Liverpool and Birkenhead through the Mersey 
tunnel are of exceptional power, the gradient to be 
ajscended being no less than 1 in 27 ; the engines of the 
No. 1 class have six coupled wheels of 4 feet 7 inches 
diameter and a trailing bogie, the cylinders are 21 
inches diameter and 26 inches stroke, the total weight 
of this engine being 68 tons. This great power and 
weight enable these engines to stop at any point within 
the tunnel, and start away with their trains upon the 
heavy gradient of 1 in 27. 

From the opening of the St. Pancras Station for the 
Midland Company's main line trains, in 1868, until the 
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year 1887, the whole of the express trains to London 
were worked by engines having four wheels coupled, 
but in that year Mr. S. W. Johnson designed and con- 
structed some engines having a " single '* pair of driv- 
ing wheels, 7 feet 4 inches diameter, cylinders 18 by 
26 and steam pressure 160 pounds. Two years later, 
1889, he designed a still larger class (see Fig. 84) 
having cylinders 18J X 26, and 7 feet 6 inches 
wheels. 

Total heatiDgf surface 1,240 sq. ft. 

Pressure of steam. . , . • • 160 lbs. 

Weight on driyiDg wheels 17^ tons. 

Weight of engine in average working order 43 tons. 
Weight of tender 30 „ 

Total 73 tons. 

Tender, water capacity 3,250 gallons. 

Fifty of these engines are now working between 
London and Leicester, London and Nottingham, and 
Liverpool to Marple, also between Bristol and Derby. 
The fact that engines of this type are working the 
main line express trains over the London line, havings 
severe gradients (see Fig. 85), for instance, Irchester 
and Sharnbrook of 1 in 120, at high speed, and upon 
a coal consumption of 20 to 23 pounds per mile, is the 
most convincing proof of their great efficiency. 

Considering the loads, speed, and gradients, the work 
which has to be performed between London and 
Leicester is as hard or harder than any locomotive work 
in the country. Leaving London, the line rises for 
about 12 miles to Elstree, thence followed by a fall of 
1 in 200 for about two miles to Radlett, when the 
rise (xoTitinues to Lea^rave, The engine^ therefore^ hag 
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practically a constant pull up 1 in 176, and 1 In 200, 
until It has run 33 miles, when the line faUs to Bed« 
ford upon gradients of 1 in is! 00, and speed has to be 
reduced to 15 miles an hour passing that station, which 
is a bad beginning for the rise to Shambrook summit, 
which is the top of both the Shambrook and Irchester 
Banks, of 1 In 120. Having run down to Welling- 
borough, the up-hill work continues past Kettering to 
the Desborough North Box, which is at the summit of 
two banks, of 1 in 132, and from Market Harborough 
up-hill work follows to the summit at Kibworth North - 
Box, thence (with the exception of a dip at Glen) the 
tine falls to Leicester. It will thus be seen that there 
are long lengths of 176, 120, 132, and at Kibworth a 
short length, of 1 in 100. The Scotch trains now 
perform the distance, 99| miles, with a load of lOJ 
coaches, in 115 minutes. 

The Nottingham expresses are allowed 80 minutes 
between Kentish Town and Kettering, 70 ^ miles, or 
an average from start to stop of nearly 53 miles au 
hour ; and when riding in" the trains the writer has 
very frequently timed the run in less than 78 minutes, 
and upon no occasion has he been a passenger when 
one of these engines has ever lost any time. 

The " Greater Britain," designed and constructed 
by Mr. Webb at Crewe, ran its first trip on the 4th 
November, 1891. 

The general principle of the design of the " Greater 
Britain " is identical with the other compounds. The 
high-pressure cylinders are 15 inches diameter, and 
the low-pressure cylinder is 30 inches diameter, the 
stroke in each case being 24 inches. As far as tractive 
force is concerned, the engine is said to be equivalent 
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to a non-compound locomotive Iiaving a pair of 21- 
inch cylinders with a 2-feet stroke, the driving wheels 
being 7 feet 1 inch diameter. 

The special feature in the " Greater Britain " is the 
design of the boiler, which has been made with a very 
long barrel to allow of both driving-aKles being placed 
under it. The tubes are divided into two lengths by 
a combustion chamber, those extending from the fire- 
box to the combustion chamber being 5 feet 10 inches 
long between tube-platea, while those forming the front 
group are 10 feet 1 inch long. 



Fig. 8G. — Mr. Webb's Latest Design of Compound Engine. 

neating eurface of firebox 1206 Bq. It. 

,, „ combustion chamber ■ ■ 39'1 „ „ 

„ „ tnboa (front) .. .. 863-0 „ „ 

„ „ tubes (back) .. .. *930 „ „ 

Total 1,605-7 iq. ft. 

FreasUre of aleam 176 lbs. per iq. inch. 

Weight of engine in working order . . 52 t«ns 2 owta. 
Wdgbt of tender 25 „ „ 

Total 77tOTi»aowt. 
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Sufficient time has not yet elapsed for this engine to 
prove her cost of maintenance ; bat, so far, facts appear 
to show that the difficulties which attend *^ compound " 
express engines have not yet been successfully over- 
come. 

The following particulars of the London and North- 
Western route show the gradients over which the 
engines work. 

Leaving Euston the line passes under the Hamp- 
stead Road and immediately commences to rise upon 
gradients of 1 in 66, 1 in 110, 1 in 132, and 1 in 75 
to Camden. Having once overcome the Euston incline, 
the engine has before it a splendid run to Crewe. 
There are summits at Tring, Blisworth, Kilsby, Ather- 
stone, and Whitmore ; but with the exception of the 
rise near Whitmore, the engines upon either the up or 
down journey have practically to work throughout 
upon gradients of not more than 1 in 330, or 16 feet 
per mile. 

North of Crewe the gradients become more severe 
until, upon passing the 243rd mile-post, the engine 
commences to ascend long and severe gradients, and 
from Tebay to Shap-summit, a ^^bank engine'' is 
employed to assist the trains up the incline of 1 in 75, 
after which the line falls to Carlisle. 

The most severe gradient is 1 in 75 going north, and 
1 in 95 between Carlisle and Shap travelling south. 
It is under consideration to make a^ tunnel and new 
line under Shap-summit. If this plan be carried out, 
both these severe gradients will be avoided. 

During the year 1891, and early part of 1892, thirty 
new express engines were built at the Swindon wor^ 
of the Great Western Railway from the designs of Mr. 
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William Dean, to take the place of tbe broad gauge 
engines on the 23rd May, 1892. 

The new engines are numbered from 3,001 to 3,030, 
and run upon six ■wheels, have double frames, a single 
pair of driving wheels, 7 feet 8 inches diameter, and a 
pair of inside cylinders no less than 20 inches 
diameter (Fig. 87). 



Fig. ST.—Mr. Dean's Latest DBBign. 

The chief dimensions of these splendid locomotives 
being as follows : — 

Diameter of cylinders 20 ins. 

Length of stroke . . 24 „ 

Diameter of driTing wheeU . . . , T ft. 8 ins. 

The tractive force exerted for each pound of effective 
steam pressure per square inch in the cylinders being, 
therefore, thus — 



The steam pressure carried being 160 lbs. per square 
inch, and the weight available for adhesion 19 tons, 
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it follows that the engines are capable of perfenning 
fast and very heavy woirk. The boilers of these new 
ehgines are provided with a dome, an advantage 
\^hich the old engines (Figs. 44 and 54) did not have-. 



EifttaDce apart between centres of cylinden 
sngth of boiler between the tube plates 
Mean diameter of telescopic boiler inside 
Number of tabes . . 
Diameter of tubes (outside) 
Pressure of steam . . 



Heating surface of tubes 
Heating surface of fire*box 



11 ft. 9J ii 
4 ft. Hi ii 



2 ft. 3 ins. 

ins. 

ins. 
245 
If ins. 
160 lbs. 

1,321-04 sq.ft. 
123-88,, „ 



1,444-92 „ 



i> 



Area of fire-grate 20-8 sq. ft. 

Length of wheel-base 18 ft. 6 ins. 

"Weight of engine in working order^ 

On leading wheels 13 tons 4 cwts* 

On driving wheels 19 „ |, 

On trailing wheels . . . . . . 11 „ 18 „ 

Total 44 „ 2 „ 
Weight of tender full .. .. 32 „ „ 



Grand total, engine and tender . . 76 „ 2 „ 

The tender runs upon six wheels, and carries 2^ tons 
of coal, and 3,000 gallons, or 13 tons 7 cwts. and 96 
lbs., of water. 

It is an admitted fact that the '' battle of the 
gauges " has ended completely in favour of the narrow 
gauge ; however, now the Great "Western Company 
has made the change, it has given proof that it intends 
to have some of the finest narrow-gauge express engines 
that can be constructed. When we see the fine new 
engines which Mr. Dean has built for the 4 feet 
8J inch gauge, we cannot help feeling great regret 
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that Mr. Brunei did not devote his great skill and 
energy to the perfecting of the narrow-gauge engine^ 
instead of introducing a wide gauge which has now had 
to be removed. 

The gradients upon the Great Western Railway 
between London and Bristol are, with two exceptionsi 
extremely favourable. 

Leaving Paddington the line rises very gradually for 
about 11 miles to near Hayes, thence there is a decline 
of one in 1,716 ; from West Drayton to Swindon there 
is a very gradual rise, but the gradients are only about 
1 in 1,320, 1 in 660 being the most severe. 

Near to Dauntsey, there is about 1 J miles of 1 in 
100. and through Box Tunnel the gradient is also 1 in 
100, these inclines in both cases being against the up 
trains. From Box to Bristol the line falls upon easy 
gradients. 

The rise of 1 in 100 through Box Tunnel has often 
been. described as the bite noire of engine drivers ; how- 
ever, it is not likely that they will be much troubled 
by engines " slipping " when the driving wheels 
carry 19 tons and are provided with a good supply 
of sand. 

Already these new engines have proved beyond 
question that the broad gauge was a mistake, and that 
whatever has or can be done upon the wide gauge can be 
equally well done upon the 4 feet 8J inch gauge. 

Messrs. Sharp, Stewart & Co., of the Atlas Works, 
Glasgow, recently placed twenty new bogie express 
engines upon the Midland Railway, built from Mr. 
Johnson's designs, Nos. 2,183 to 2,202 ; they have 
cylinders 18J by 26, 7-feet driving wheels, 4 coupled, 
and a steam pressure of 160 lbs. per square inch ; 
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they are also provided with the apparatus for warm- 
ing the carriages by hot water, now adopted by the 
Midland ; and for working local passenger traffic upon 
the same line a number of ''bogie" tank engines 
have been built, having four coupled wheels of 5 feet 
3 inches, cylinders 18 by 24, and a pressure of 140 lbs. 

The Great Southern and Western Railway Company 
of Ireland owns the main line extending from the 
Kingsbridge station, Dublin, to Queenstown, the 
distance being 177J miles ; and it is by this route 
that passengers and mails are conveyed to and from 
Queenstown in connection with the American liners. 

The gauge of the Irish railways is 5 ft. 3 ins. 

For many years past the Great Southern and Wes- 
tern Company has built all its engines and rolling 
stock at its Inchicore Works, near Dublin. 

The latest express engine has inside cylinders, a 
leading bogie, and four coupled wheels. 

ft. ins. 

Diameter of cylinders 18 

LengUi of stroke 24 

Diameter of coupled wheels 6 6 

Diameter of boiler 4 3 

Length of boiler barrel 9 9 

Diameter of tubes (outside) If 

Length of tubes between tube plates . . 10 0^^ 

Length of fire-box 4 10 

Width of fire-box . . 3 11 

Height of fire-box above grate . . 6 9 

Pressure of steam . . . . 150 lbs. per sq. in. 
Number of tubes . . . . 204 

Heating surface of fire-box 112 sq. ft. 

Heating surface of tubes 938 , , 



Total .. 1,060 „ 

Area of fire-grate 18} „ 
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Weight of engine in working order — 



On bogie wheels 

On driving wheels 

On trailiog wheels 


tons. 
13 
12 
12 


cwt. 
11 
17 
16 


Total 
Weight of tender loaded 


39 
28 


4 
6 


Grand total 


67 


10 

• 



The leading bogie is of the American swing-link 
pattern. The boiler and frame plates are of steel, and 
the motion plate is cast steel ; the two cylinders are 
cast together in one piece, and have the back covers and 
air passages for the vacuum brake cast in ; these pas- 
sages being in communication with the ejector, which 
is placed in the smoke-box, in front of the blast-pipe. 

The bearings of the small ends of the connecting- 
rods are iron, case-hardened, working on a case- 
hardened pin, this being the universal system of " little 
end *' in use on the line. The four eccentric sheaves 
are cast in two pieces and put on the axle with four 
bolts ; no keys are used, but a small dowel secures the 
correct position of the sheaves. 

The tender runs on six wheels, and carries 2,700 
gallons of water and four tons of coal. 

The actual working upon the American mail and 
express trains between Dublin and Queenstown is as 
follows : — 

On weekdays the mail starts from Dublin at 7.40 
A.M., and arrives at Queenstown at 12.15 p.m. The 
time on the journey of 177^ miles is, therefore, 4 hours 
35 minutes, of which, however, 18 minutes are allowed 
at stations ; the average speed, including stoppages, is 
therefore 42*16 miles an hour, which is found to mean 
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an average running speed of 45 to 50 miles an hour. 
On Sunday the mail is run at a somewhat higher speed. 
The average load is equal to 9| six-wheeled coaches. 

tons. cwt. 

Weight of engine and tender 67 10 

Weight of 9} ooadies 120 

Total weight of train 187 10 

The consumption of South Wales steam coal is from 
24 lb. to 26 lb. per mile with this load. The weight of 
train frequently exceeds this average, and the engines 
are capable of working fifteen to eighteen vehicles 
without difficulty. 

The gradients are not considered severe, with the ex- 
ception of the incline at Cork of 1 in 60, and at Dublin 
of 1 in 85, There are, however, several short lengths 
of 1 in 172, 180, 128, 140, and 151. 

The latest express engines for the Great North of 
Scotland Railway have been constructed by Messrs. 
R. Stephenson & Co., and are required to run 4,000 
miles consecutively without showing any defects in 
material or workmanship, and they have just com- 
pleted this mileage to the entire satisfaction of the 
Great North of Scotland Railway Company. 

The engines are eight-wheeled, there being two 
pairs of coupled wheels Oft. 6|in. diameter and a four- 
wheeled bogie at the leading end, the bogie wheels 
being 3 ft. 9^ in. diameter. The engines have inside 
cylinders 18 in. in diameter and 26 in. stroke, the 
cylinders being cast together in one piece, the slide 
valves being placed on the top of the cylinders, and 
driven by a link motion and rocking levers. This is a 
very neat arrangement, designed by Mr. Manson, and 
has given every satisfaction. The engines are fitted 
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with balanoed slide valves^ also designed by Mr. Manson. 
The pressure on the back of the valve is relieved by a 
ring, which is held up to the casing door by a light 
tripod spring. 

This arrangement greatly reduces the wear and tear 
of the valves and gear, and since adopted on the Great 
North of Scotland Railway, engines have run 100,000 
train miles, the wear of the slide valves being only -^^^ in. 

The bogie is provided with the ordinary swinging 
arrangement, which enables the engine to pass round 
curves with perfect steadiness. The main frames, 
which are of steel, are set in at the front end to give 
sufficient clearance for the bogie wheels. The wheels 
are of wrought iron, and the coupled wheels have the 
balance weights forged solid. 

The boiler barrel and fire-box casing are of best 
Yorkshire iron, the internal fire-box and tubes being 
of copper. There are 1,087 square feet of heating 
surface in the tubes, and 106 square feet in the fire- 
box, giving a total heating surface of 1,193 square 
feet. The grate surface is 18 square feet ; the fire-box 
is fitted with sixteen copper air tubes, 3 in. external 
diameter, Ko. 7 w,g. thick, in two rows of eight in 
front and back, for conducting streams of air into the 
fire-box. This arrangement has been successfully used 
on the Great North of Scotland Railway for upwards 
of thirty years. 

The tender is carried on eight wheels, the four hind 
wheels being connected to the main frame of the 
tender, and the four front wheels are connected to a 
bogie of the same design and construction as the 
engine bogie. The tank carries 3,000 gallons of water 
and about three tons of coal. The weight of the 



174 DEVBLOPMEMT OF THK LOCOMOTIVE. 

tender when loaded with coal and water is 36 tons. 
These tenders are remarkable as being the only ones 
running on a bogie in this country. 

The Great Eastern Railway Company has just placed 
upon its line some powerful six wheels coupled tank 
engines, designed by Mr. James Holden, to work the 
very heavy suburban passenger tra£Sc to and from 
Liverpool Street. In order to ascertain the work done, 
the author has ridden with some of the trains, and 
finds that the booked time from Liverpool Street to 
Enfield is 40 minutes, the distance lOf miles with 16 
stops. If each stop averages one minute, including 
stopping and starting, the actual running time is only 
24 minutes, equal to a speed of 27 miles per hour. 
This, it must be remembered, includes no allowance for 
speed orders, stoppages or slowages due to adverse 
signalp, &c. These trains average 15 carriages, with a 
gross load of 250 tons. 

The cylinders are 16| inches diameter, the stroke 
22 inches, and the coupled wheels 4 feet diameter, 
the tractive force being therefore — 

16i X 22 

= 124-7 Iba. 

48 

Total heating surface 959 aq. ft. 

Grate area 12*4 sq.ft. 

Weight of engine in working order — 

tons. ewt. qr. 

On the leading wheels 12 7 1 

,, driyiDg „ 13 13 

,, trailing „ 13 19 3 

Total •• 40 
Capacity of tanks 1,000 gallons. 

These eDg;ines are workinc; most satisfactorily, aii4 
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Lave coDsiderably reduced the coneumption of coal per 
mile. 

For shunting purposes, and for working small branch 
lines, tank engines are usually' employed. 



Fig. 88 illustrates a four-wheeled engine of the 
standard type manufactured by Messrs. Black, Haw- 
thoni aD4 Co., of Gateshead ; and Fig. 8i) illustrate? » 
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more powerfol engine wliich rnae on eix wheels, built 
by the same firm. The dimensions are varied in ' 
accordance with the work required, but most generally 



the cylinders are about 15 inches diameter, and the 
stroke about 20 inches, the coupled wheels being 3 feet 
diameter. A small but at the same time a useful and 
very powerful engine is thus obtained. 



CHAPTER V. 

EIGHT- WHEELED COUPLED GOODS ENGINES. 

For some time past it lias been apparent that^ with 
increased working expenses, some important step will 
have to be taken in order to increase the receipts per 
mile, especially of mineral trains. 

Many of the railways are so crowded with passenger 
traffic that it is only by running coal trains at a high 
speed that they can be " got along at all.'' Long 
lengths of goods lines have been within the past few 
years opened, and the question of increasing the length 
and reducing the speed of coal trains to London must 
very soon b3 seriously considered. In order that coal 
traffic Qan be made to properly " pay," it should be 
conveyed in train loads of fifty waggons. 

Messrs. Sharp, Stewart & Co., during the year 1889, 
placed two very powerful mineral engines upon the 
Barry Railway, the working of which has been care- 
fully watched and proves highly satisfactory. 

These engines run upon eight coupled wheels and 
have outside cylinders, and are of very considerable 
power. 

Diameter of cylinders . . 20 ins. 

Length of stroke 26 „ 

"Eight coupled wheelrs 4 f t. 3 „ 
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Totil wheel-base 15 ft. 5 ins. 

The front axle has i in. side play ; 
The hind axle has { in. side play ; and 
The driying wheels are without flanges. 

Total heating snzfaoe 1,410 sq. ft. 

Areaoffire-gxmte 22*6 „ 

Weight of engine in working order without 

tender 49 tons. 



From personal experience, the author can testify to 
the efficient manner in which these engines do their 
work, and it may be added that they are remarkably 
like the American well-known ** Camel '* class which 
for years has done such good work in America. 

To Messrs. Sharp thus belongs the credit of intro- 
ducing in this country the eight coupled engine with 
outside cylinders, and to Mr. F. W. "Webb, of Crewe, 
in 1892, belongs the credit of introducing another 
eight coupled design but having inside cylinders. 

This new engine runs upon eight coupled wheels and 
has two inside cylinders. The boiler is of great length, 
being similar to that of '' Greater Britain,'^ illustrated 
Fig. 86, the tubes being divided into two lengths by a 
combustion chamber, those extending from the fire-box 
to the combustion chamber being 4 feet 10 inches long 
between tube plates, and those forming the front group 
being 8 feet 1 inch long between tube plates. The 
cylinders, which are inside, are 19^ inches diameter by 
24 inches stroke, the valves being on the top and 
worked with Joy's gear. The springs on the first three 
pairs of wheels are connected together by equaKsing 
links, the trailing pair having an ordinary cross spring. 
The leading and trailing wheels have ^ inch side play, 
which gives greater facility for running round curves. 
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Below are given a few leading particulars : — 

Cylinders — 19^ in. diameter by 24 in. etroke. 

ff. in. 

Diameter of wheels with 3-in. tires . . . . 4 5^ 

Distance between centres of wheels . . . . 5 9 

Total wheel base 17 3 

Boiler — 

Length of barrel . . 1 o 6 

„ lire-box casiog . . 6 10 

Diameter of barrel (meaD) 4 3 
Number of tubes — 166 

Diameter of tubes 2^ 

Pressure of steam 160 lbs. per sq. in. 

Heating surface — 

Fire-box 114-7 

Combustion chamber 39' 1 

Tubes (front) 683 

Tubes (back) 408-6 



Total .. .. 1,246-3 sq. ft. 

Grate area 20*5 sq. ft. 

Katio of fire-grate area to heating surface 1 to 60*6 

Weight of engine in working order — 

Tons. cwfs. qrs. 

Leading wheels 11 13 

Driving „ 12 14 

Intermediate,, .. .. .. 11 13 

TrailiDg „ 10 16 3 



Total .. .. 46 16 3 

Weight of tender in working order, 26 tons. 

The tractive co-eflScient is 172. The leading and 
trailing wheels have a certain amount of side play, 
so as to give greater facility for running round 
curves, though the total wheel base is not more than 
other engines which have not the same side play. 
The coupling-rod from wheel to wheel is complete in 
itself, and all of them are so arranged as to be inter- 
changeable. The driving-axle has two bearings as 
usual, nine inches long, and in addition a central 
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frame and central bearing to withstand the great stress 
placed upon it. The total bearing surface for the 
driving-axle is 23| square inches. 

Engines with eight coupled wheels are, of course, 
very common in America, but Mr. "Webb^s new design 
is the first eight coupled and inside cylinders that 
has been built in this country, certainly during the 
past sixty years. The first of these powerful mineral 
engines is giving the greatest satisfaction on the Lon- 
don and North-western Railway, and there is every 
reason fo believe that it will do so, as it has large 
cylinders, high steam pressure, and is non-compound. 



CHAPTER VI. 

AN AMERICAN ENGINE. 

It is usual for Englishmen to believe, and to take it for 
granted, that English engines are the best, and to 
ignore the fact that some very useful locomotives are 
at work in other parts of the world. The Exhibition 
at Chicago this year will undoubtedly form the greatest 
collection of locomotives which has ever been made, 
and already the details which have arrived in this 
country show that the Americans especially will have 
some extremely fine engines, both in the Exhibition 
and in daily working. It is, therefore, important that 
some brief reference should be made to them in this 
volume. 

The standard American passenger engine has a lead- 
ing bogie, four coupled wheels, outside cylinders, and 
the usual bar-framing similar to that at first used by 
Stephenson and Bury. Some extremely fine speci- 
mens of locomotive construction, for instance, are to 
be found on the Baltimore and Ohio Railroad. 

On the New York Central and Hudson River Rail- 
road the engines are built partly by makers, but the 
larger number are turned out at the Company's shops 
at West Albany. The following dimensions show 
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that tbe engines have very considerable size and 
power. 

The boiler has l982L'5 sq. ft. heating surface. The 
usual working pressure is 180 lbs. The cylinders are 
19 by 24 ins.9 and the driving-wheels are 7 ft. 0| in. 
diameter. 

The total weight of engine is 121,000 lbs., of which 
81,000 lbs. are carried on the drivers and 40,000 lbs. 
on the bogie. 

The tender weighs in service, 80,000 lbs. ; it carries 
3,587 galls, of water and 7 tons of coal. It is pro- 
vided with a scoop for taking up water from the track 
tanks without stopping. The total weight of engine 
and tender ready for service is thus 201,000 lbs. 

These engines are employed in running the '' Empire 
State Express " between New York and Albany, the 
schedule time of the train being 52 miles an hour. 
From some indicator diagrams taken while the engine 
was running at the rate of 76 miles an hour, it appears 
that at that speed there was 1,120 h.p. developed. 
The usual train is four cars. 

The author has before him the particulars of a 
special run made on the 4th October, 1892, in which 
case another engine of similar design, with a tender 
weighing 201,000 lbs., and the weight of the train, 
592,700 lbs., a total of 793,700 lbs. The train con- 
sisted of five ordinary passenger cars and five sleeping- 
cars. The run from Albany to Poughkeepsie was 
made in 1 hour 17 minutes, the average rate of 
speed being 54 miles an hour. The wind at the time 
was heavy, blowing from the west. The steam pres- 
sure during the run was kept at 160 to 170 lbs. The 
speed maintained was certainly remarkable, considering 
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the weight of the train. Two other fast long-distance 
runs were made by the Empire State Express in 
December, 1892. In one instance it ran 116*75 miles 
in 110 minutes, 51*67 miles being made in 46 minutes, 
or at the rate of 67*38 miles per hour. In the second 
case the train made 101 miles in 96 minutes, 28*43 
miles being made in 25 minutes, or at the average 
rate of 68*23 miles per hour. In each case the train 
consisted of four cars and was hauled by an eight- 
wheel engine, with driving wheels 7 ft. J in. diameter. 

A two-cylinder compound engine has for some time 
been tried in America, and a few years ago one of the 
Webb compoimd engines was sent over from this 
country to America for use. However, the result of 
practical and perfectly fair tests is that the English 
engine was badly beaten. 

The Baldwin Works has recently designed and 
built a large number of engines known as the " Vauclain 
compound.'^ 

In this system there are two high and two low 
pressure cylinders, but as each pair of cylinders works 
upon the same cross-head there are only two sets of 
connecting rods. 

Cylinders, h.p 13 X 24 ins. 

Cylinders, 1. p 22 X 24 „ 

Boiler, form . . . . . . wagon top. 

,, diameter . . . . . . . . 4 ft. 10 ins. 

„ height from rail to centre line . . 7 „ 8 „ 

,f pressure 180 lbs. per sq. in. 

Fire-box (for hard coal) 11 ft. ins. X 3 ft. 6 ins. 

Grate area 38} sq. ft. 

Tabes, number 250. 

„ diameter outdde 2 ins. 

„ length lift. 10 ins. 

Ileating surface, tubes 1,530 sq. ft. 

,t »» firebox . . . . . . 166 „ 

), ft total . . . . . . 1,696 „ 

Height from rail to top of smoke-stack. . 13 ft. 5| ins. 
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Capacity of tender tank . . 




3,600 gals. 


„ „ coal space 




7 tons. 


Driving whedB, diameter. . 




6 ft. 6ins. 


Bogie wheels „ 




3 „ „ 


Tender wheels ,, 


• • 


3 » „ 


Wheel base, driving to trailing . . 




7 i» „ 


,f f, track •• 




6 „ 10 „ 


ff tt total . • • • 




22 ,, 3| „ 


Weight on driving wheels 




88,400 lbs. 


„ „ truck 




36,400 „ 


„ total 




123,800 „ 


,, of tender 




82,000 „ 



Practical trials appear to prove that if compound 
engines are to be employed, the four-cylinder pattern 
is far better than those used in England : but it is 
still a question whether a *' simple ** engine with two 
cylinders of an equal area, or a four-cylinder high 
pressure engine would not give as good or even better 
results. 



MR. WIKBY's design. 



This fact appears to have induced Mr. F. C. Winby 
to design an English engine to send to the Chicago 
Exhibition, and at the time of writing it is nearly 
completed at the well-known works of Messrs. R. & W. 
Hawthorn, of Newcastle. This vast locomotive will be, 
in fact, a combination of a McOonnell " Bloomer " and 
a Crampton ** Liverpool." 

The engine runs upon a four-wheeled leading bogie, 
and two pairs of independent driving-wheels of 7 ft. 
6 ins. diameter. Two inside cylinders are placed under 
the smoke-box, 16 J by 24 ; they actuate the first pair of 
driving-wheels. Two outside cylinders are placed behind 
the bogie wheels ; they are 17 by 22, and work the 
second pair of driving wheels. 

The total tractive force exerted by the four cylin- 
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ders upon the four wheels is therefore 143 lbs. for each 
pound of effective pressure. 

The boiler is to work at a pressure of 175 lbs., but 
it is constructed to carry 200 lbs. if necessary. 

The boiler is of oval section in order that it may be 
placed between the tops of the driving wheels. 



Number of tubes . . 
Diameter of tubes 
Length of tubes . . 
Heating surface of tubes 
Heating surface of fire-box 



189. 
2f ins. 
. . 16 ft. 
1,880 sq. ft. 
138 „ 



Total beating surface .. 2,018 „ 
Area of fire-grate 28 „ 

Weight in working order will probably be — 

On bogie wheels 18 tons. 

On Ist driying wheels . . . . ^ . . . . 1 9 „ 
On 2nd driving wheels 18 „ 



Total .. ..66 



>» 



The tender when loaded will be fully 45 tons, so that 
the engine and tender complete may be expected to 
weigh about 100 tons. 

The only means of knowing the capabilities of a new 
design of locomotive is by the actual results of its 
working ; at present, therefore, it is impossible to ex- 
press an opinion. Suffice it to say that Mr. Winby has 
designed, and Messrs. Hawthorn are constructing, the 
largest locomotive ever seen in England, and the fact 
that the engine uses high pressure steam in all the 
cylinders is a most important feature in its favour, and 
its construction is being watched both in this country 
and in America with the very greatest interest. 



CHAPTER VII. 

LOCOMO'nVES OP THE UNITED KINGDOM — USEFUL 

RULES AS TO GRADIENTS— CENTRE OP GRAVITY OF 

LOCOMOTIVE— SUNDRY APPLIANCES. 

LOCOMOTIVES OF THE UNITED KINGDOM. 

The following list, compiled by the author from 
official details, shows the locomotiye engines possessed 
by each Company on the 31st December, 1891 : — 



London and North-Western . . . . • 


. 2,648 


Midland 


. 2,020 


♦Great Western 


. 1,660 


North-Eastem 


. 1,660 


Lancashire and Yorkshire 


. 1,127 


Great Northern 


907 


Great Eastern 


879 


Caledonian 


690 


North British 


677 


Manchester, Sheffield, and Lincolnshire 


Gd5 


London and South- Western 


670 


London, Brighton, and South Coast 


410 


South-Eastem 


378 


Glasgow and South- Western 

London, Chatham, and Dover 


301 


201 


TaffVale 


189 


Great Southern and Western Ireland 


178 


Great Northern of Ireland 


137 


North Staffordshire 


134 



* The nnmber of Great Western engines is given as stated by the Compsny , 
but the author is of opinion that there are a number of duplicates whioh have not 
been included. 



BRITISH LOCOMOTIVE LIST. 
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Fumess . • . . • . • • • 

Midland Great Western of Ireland . 

North London . • . . . . 

Higliland 

Great North of Scotland 

Metropolitan 

Bhymney . . 

Somerset and Dorset Committee 
Belfast and Northern Counties 
Cambrian . . . • . • 
Hull, Bamsley, and West Hiding 
Metropolitan JDistrict 

DvUTIy » » •• •• •• < 

DubUn, Wicklow, and Wexford 
Waterford and Limerick 
Brecon and Merthyr 
London, Tilbury, and Southend 
Maryport and Carlisle . . 
Newport and South Wales 
Belfast and County Down 
Cork, Brandon, and South Coast 
Wrexham, Mold, and Connah's Quay 
Mersey • . . • . . . . 
City and South London (electric) 

Severn and Wye 

Waterford and Central Ireland 
Seaham and Sunderland 
Khondda and Swansea Bay 
West Lancashire ... 

Festiniog 

Isle of Wight 

Isle of Wight Central 

Midland and South- Western Junction 
Cavan, Leitrim, and Koscommon 
East and West Junction Committee 
Pembroke and Tenby . . 

Wirral 

Manchester and Milford 

South Wales Mineral . . 

Portpatrick and Wigtownshire Committee 

Londonderry and Lough 

Waterford, Dungarvan, and Lismore 

Clogher Valley 

Cleator and Workington Junction 
Neath and Brecon 
Ayrshire and Wigtownshire . . 
Dundalk, Newry, and Greenore 
Sligo, Leitrim, and Northern Counties 

BurryPort 

Colne Valley and Halstead 
Llanelly and Mynydd Mawr . . 



123 

111 

104 

85 

77 

71 

66 

61 

61 

59 

56 

54 

53 

hi 

42 

30 

30 

27 

24 

20 

16 

16 

15 

14 

13 

13 

11 

10 

9 

9 

8 

8 

8 

8 

7 

7 

7 

6 

6 

6 

6 

6 

G 

5 

6 

5 

5 

5 

4 

4 

4 
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Cork and Macroom 

Water! Old and Tnunoro 

Cork and Mnakerry 

Tralee and Dingle 

West Garberry 

West Clare 

Gorria 

Liakeard and Garadon • • 

North Wales (narrow gauge) 

Bedrnth and Ghaaewater 

Ballycaatle 

Gork and Blackrock 

Finn Valley 

Listowel and Ballybnnion 

Biahop'a Gaatle 

Eaat Cornwall 

Gkuratang and Knot End 

Glyn Valley 

Mawddwy , , 

Merrybent and Darlington 

Bayenglasa 

Snailbeach District 

Sonthwold 

TallyUyn 

Van 

WeatSomerflet 

Besabrook and Newry (electric) 

Timoleagtie 

Easingwold , , , , 

Gorsedda Junction, Portmadoc 

MilfordHayen 

St. Anstell 

Saonderafoot Bail way 

Storksbridge 



3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



TOTAI.S. 



England and Wales 
Scotland . . 
Ireland 



.. 14,314 

. . 1,841 

705 



Total engines in the United Kingdom on 31st 
December, 1891 16,860 
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USEFUL RULES RELATING TO GRADIENTS. 

The m viva of a train moving at any given speed 
is equivalent to the raising of the train to the height^ 
by falling through which it would attain that velocity, 
and this is true whether the train is raised vertically 
(if it were possible), or by running it up an incline 
assuming friction as nil. 

Therefore when a train runs up an incline, the engine 
has not only to overcome the resistance on the level, 
but also to raise the train to a certain height. 

An incline of 1 in 200, for instance, is a rise of Vthl 
= 26*4 feet per mile. To find the work done (in foot 
tons) in lifting a train of 200 tons through the vertical 
height of 26-4 feet, it is necessary to multiply the 
height by the weight, thus, 200 X 26-4=4,280 foot tons. 

The rates of inclinations of gradients are also con- 
veniently expressed as percentages, which represent 
the force of gi*avity acting on different inclines — 1 in 
200 being expressed as a gradient of 0*5 per cent. ; 
1 in 100 as 1 per cent. ; and 1 in 50 as 2 per cent. 

In this country, it is still the practice to express 
gradients in their proportion or ratio to 100, but in 
America, as in many other parts of the world, gra- 
dients are always given in proportion to their rise 
per mile. To find the rise in feet per mile for any 
given incline, it is only necessary to divide the feet 
in a mile (5,280) by the gradient to one ; thus in a 
case of 1 in 264 we have 

6,280 

= 20 feet per mile. 

264 ^ 

When, therefore, the English engineer speaks of 1 in 
264, the American engineer refers to it as "a 20-feet 
grade.'* 
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The following table gives the same inclinations 
expressed by the two methods : — 



Oradient 


Equal rise in 


Gradient 


to 100. 


feet: per mile. 


to 100. 


1 in 2,000 


2-64 


1 in 166 


,» 1,000 


6-28 


„ 132 


,, 500 


10-66 


„ 120 


„ 400 


13-2 


„ 100 


„ 300 


17-6 


,. 88 


„ 264 


200 


„ 70 


„ 220 


240 


» 60 


„ 200 


26-4 


„ 37 



Equal rise in 
feet per mile. 

320 

400 

44-0 

62*80 

600 

76-42 
105-6 
142 7 



CENTRE OF GRAVITY OF LOCOMOTIVE. 

The horizontal centre of gravity of either a bogie or 
six-wheeled engine should be a few inches in front of 
the centre of the driving axle. To find this point, 
multiply the weight resting upon the leading wheels 
(or leading bogie^ if one be used) by the distance in 
feet from the centre of the driving axle. Multiply 
the weight upon the trailing wheels by distance in 
feet from the driving axle. Find the difference, 
which divide by the total weight of the engine in 
tons ; the quotient is the horizontal distance in feet of 
the centre of gravity from the driving axle in the 
direction of the axle carrying the greater weight. As 
an example, if an engine weighs 41 tons 13 cwt. 2 qrs. ; 
on leading wheels, 14 tons 6 cwt. ; on trailing wheels, 
12 tons 16 cwt. 



14*3 ions X 10 ft. (for leading end of engine) 

12*8 tons X 8 ft. 6 in. (for trailing end of engine) 



• • 



• . 



143- ft.-ton8 
108-8 ft.-ton8 



The difference (34-2), divided by the total weight of 
the engine (41-68), = -82 of a foot. Therefore the 
centre of gravity of the engine is -82 ft., or 9J in. in 
front of the driving-axle. 

When a locomotive is running, that portion of the 
tread of the tire which is in contact with the rail at 
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any instant of time is at rest, while the corresponding 
point on the flange on the same radius is moving 
in the opposite direction to that at which the train is 
running. The speed being 60 miles an hour, or 88 ft. 
per second, and the diameter of the wheel over the 
tread 6 ft., and over the flange 6 ft. 2 ins., the point in 
the flange will move backwards at the rate of 1*69 
miles per hour. 

THE STEAM SAND-BLAST. 

Every engine-driver is well aware that for fast run- 
ning, easy riding, and economy both in coal and 
repairs, nothing can equal an engine having a '^ single ** 
pair of driving wheels. On the other hand practical 
experience has taught them that for heavy trains run- 
ning upon steep gradients, it is absolutely necessary 
to employ engines having four coupled wheels, in 
order to obtain the required amount of adhesion, or, as 
the drivers say, " to tie their legs together.'' 

The useful work which an engine is capable of per- 
forming is, of course, limited by the co-eflBcient or pro- 
portion of adhesion which exists, or can be created, 
between the driving wheels and the rails; in other 
words, as soon as the effect of the steam in the cylinders 
produces a tractive force greater than the adhesion, 
" slipping " is the result. In ordinary practice the 
co-efiicient of adhesion is found to be equal to one- 
sixth of the weight resting upon the driving wheels 
expressed as an adhesion of 16*66 per cent., or as an 
adhesion of 373*3 lbs. per ton. 

If the rails be perfectly clean and dry, the adhesion 
is increased ; if perfectly wet, it is but little reduced. 
A slight shower of rain, misty weather, and greasy 
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rails will often reduce it to about 280 lbs. per ton ; and 
in frosty or snowy weather the writer proved by a 
series of practical experiments that the adhesion became 
as low as 160 lbs. per ton. It is^ therefore^ not a matter 
of surprise that such a serious loss of adhesion should 
cause a considerable amount of ^' slipping.'' To over- 
come the difficulty the ordinary method of sanding the 
rails is by means of sand-boxes and pipes which 
allow sand to run down on to the rails, and in practice 
it is found that a considerable quantity of sand is used, 
but a large proportion of it does not fall on the rails, 
and a further quantity is blown off the rails by the 
wind : consequently the ordinary sanding arrangement 
is very inefficient and unsatisfactory. 

One of the most important improvements in locomotive 
engineeringis therecentintroduction by Messrs. Holt and 
Gresham of their steam sand-blast (Figs. 90 and 91). 

The general arrangement is shown (Fig. 90), as fitted 
to some of the Midland Company's engines of the 
1,480 and 1,500 classes. By means of a handle, 
" A," steam can be admitted to the sand-ejector, " C,'* 
thus drawing a small supply of sand from the sand-box, 
*' B," and projecting it in a powerful and constant 
sand-blast to the point of contact between the wheel 
and the rail. Fig. 91 shows the apparatus in detail^ 
and it will be observed that the sand falls into the 
sand tcap, and is then carried down in a fine jet by 
the inrush of air caused by the steam ejector. 

THE INJECTOR. 

In the early days of railways the boilers of the loco- 
motives were supplied with water by means of force- 
pumps worked by hand-levers ; afterwards the pumps 
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were worked by either eccentrics or rods attached to 
the cross-heads, and on the London and South- Western 
Railway an independent donkey pump was employed to 
feed the boiler, and at the present time some of the 
Brighton Company's engines are fed with water by 
means of a water pump, working in connection with 
the "Westinghouse air brake pump. 

Many of my " locomotive " readers will remember 
the time very well when engines had two pumps, and 
in order to supply water to the boiler it was necessary 
to run several times backwards and forwards for about 
a quarter of a mile to fill up the boiler. 

They will also, no doubt, well remember seeing 
** single '' wheeled engines standing in the sheds, with 
their tender brakes hard on, slipping upon oiled rails, 
in order to pump water into the boiler. 

In July, 1858, Mr. H. J. GiflGard, a French engineer, 
took out a patent for the " Injector '* ; he had disco- 
vered that the motion imparted by a jet of steam to a 
surrounding column of water was sufficient to force it 
into the boiler from which the steam was taken, and 
even into another boiler having a higher pressure. 

When Mr. GiflPard tried to introduce his new injector, 
locomotive engineers laughed at him ; he was told to 
read about the first rules of motion, and that he must 
be mad to suppose that steam from one part of a boiler 
could force its way back into another part of .the same 
boiler ; he could not even obtain authority to try an 
injector on a locomotive till 1859, and then he was only 
granted permission as a favour and with a view to '4et 
him prove his idea would not work,'* and thus put a 
stop to his constant letters and applications. / 

However, the injector worked successfully, and the 

o 
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water entered the boiler, but even then people would 
not believe it. 

Mr. Giffard explained that the action of his injector 
was similar to that of the blast-pipe in a locomotive : 
the rush of steam in that case formed a partial vacuum 
into which air was forced by the atmospheric pressure 
of about 15 lbs. per square inch. 

To explain his theory GiflPard took a pressure of 100 
lbs. per square inch, and showed that a column of water 
2 3-10 feet high presses upon its base with a force of 
1 lb. per square inch, therefore 100 lbs. pressure is equal 
to a pipe of water 230 feet high. 

Water from the bottom of a pipe 230 feet high would 
rush out at a speed of 121 1 feet per second, that is equal 
to no less a pace than 83 miles an hour. 

Let it be clearly understood that a boiler having a 
pressure of 100 lbs. per square inch is just balanced by 
a jet of water rushing at 83 miles an hour : it then be- 
comes certain that to overcome the steam in the boiler 
it is pnly necessary to increase the speed of the water to 
above 83 miles an hour, and the water will force itself 
into the boiler. 

It is a well-known fact that the steam pressure in 
the valve-chest of a locomotive is actually greater than 
it is in the boiler, this being due to the momentum with 
which the steam rushes past the regulator and down the 
steam pipe. 

In the same manner the velocity of the steam rush- 
ing through the injector is so great that it not only has 
force enough itself to rush back into the boiler, but also 
carries the water with it. 

Giftard's patent has long since expired, and injectors 
are now made by various firms, principally by Messrs. 



I 



-I 

z 

8 



\ 




' fate p, 195. 



OBESUAH S INJECroK. 



Gresham and Craven, who have upwards of 100,000 of 
their construction of injector in use. Fig, 93 illiutrates 
the foot-pUte of a locomotive, showing the position of 
Gh-esham's combination injectors. 

Fig. i)2 illnstrateB a section of the appliance, the 



steam valve, back pressure valve, stop valve, and regu- 
lator being plainly shown. 

The following are the instructions for working the 
Qresham combined injector : — 

(1) Open the water cock and turn on steam ; 
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(2) If there is any overflow, close the water regula- 
iOT until it ceases. The injector is then at work. The 
water cock should be kept closed when the injector is 
not at work. 

The water pipe can be drained to prevent freezing 
by closing the tender valve and opening drain- cock 
fixed on water pipe. 

Should steam be blown into the tender through the 
injector, the water pipe must be drained to clear it of 
hot water. 

The back pressure valve must be kept ground tight 
^pon its seat. This can be done, or the whole of the 
cones can be removed if required, whilst the boiler is 
under steam by first closing the stop valve. 
I It is well known to engine-drivers that injectors will 
4ot work with very hot water, and in practice it is 
not advisable for the water in the tender to be heated 
t^ above 120 deg. 

Having thus considered the theory of the injector, 
we now turn to its practical results ; the annexed 
table shows the sizes 7 to 10 which are in general use 
on locomotives, and the number of gallons of water 
which each will supply per hour at pressures of from 
100 to 180 lbs., and of course if the quantity per 
minute is required it is only necessary to divide the 
gallons by 60. 

Table oitino thb Size and Dbliybkt of Combination 

Injectors. 
• boiler pbe88ure in lbs. feb squabe inch. 

DIM of 

Iideotor 100 110 120 130 140 150 160 170 176 ISQ 
mlOili- 
mstres. deliteut in gallons pbr hour at above prbbburbs. 

7 ..970 1,020 1.060 1,110 1,150 1,190 1,225 1.256 1,265 1,275 

8 . . 1,270 1,330 1,390 1,460 1,500 1,550 1,600 1,640 1,655 1,670 

9 . . 1,610 1,680 1,760 1,830 1,900 1,970 2,030 2,080 2,100 2,i20 
10 . . 1,980 2,080 2,170 2,290 2,350 2,430 2,500 2,560 2,585 ^610 
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VALVE OEAK. 



Reference has been made to several forms of valve 
gear^ for instance, those described at pages 45, 62, and 
Howe's celebrated link motion (page 87). Whatever 
fdrm of gear is employed, when the driver "reverses '* 
the engine he moves one of the valves so as to open 
either the front or back port at pleasure. Now let us 
trace the action of the steam. Upon the regulator 
being opened, steam rushes from the dome or steam 
pipe down to the valve chest, where in consequence of 
the "lead" the valve is about one-eighth of an inch open 
when the crank is upon the dead centre (the two 
cranks are always made at right angles, so that one is 
in a position to pull the other past its dead point). 
The steam having entered past; the valve, rushes into 
the cylinder, and the period of " admission " com- 
mences ; the steam having forced the piston forward 
for a distance of let us say eight inches, the valve 
closes and no more steam is admitted ; this is known 
as ** cut off" or point of ** suppression " ; and for the 
next part of the stroke the* piston is not forced by 
fresh steam from the boiler, but by the " expansion " 
of the steam which is imprisoned in the cylinder. 

We will now suppose that " expansion " has done 
its work, and that the piston has been forced, say to 20 
inches : the period of "release " then arrives, when the 
inside of the valve opens the port and permits the steam 
which has done its work to rush from the cylinder, 
through the inside of the valve to the exhaust port, 
And then up the blast-pipe and out of the chimney. 
The " lead " of the Talve causes it to open before the 
piiston arrives quite at the end of its stroke; this 
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serves two good purposes, first to form a cushion to 
reduce the force of the advancing piston, and secondly 
to enable steam to be entering the cylinder early, ready 
for the next stroke. 

An express engine having wheels of 7 feet dia- 
meter, or 22 feet in circumference, passes over 88 
feet, or four revolutions per second, when running at 
sixty miles an hour ; thus in one second of time, there 
must be " admission," " cut off," "expansion," "ex- 
haustion," and " compression," no less than four times 
from each end of the cylinder, or a total of sixteen 
" beats " or exhausts of steam up the chimney per 
second. 

It is not necessary to tell engine-drivers that which 
they know perfectly well — namely, that to save steam 
and consequently coal, they, by carefully regulating 
the valve-gear and "cutting-off" the admission of 
steam to the cylinder as early as possible, can get 
the greatest amount of work and expansion out of 
the imprisoned steam in the cylinder. 

joy's valve geak. 

Fig. 94 illustrates Joy's valve gear, as fitted to a 
large number of engines. 

The fundamental principle of this gear is that eccen- 
trics are entirely dispensed with, valve motion being 
obtained from a point in the connecting-rod, produced 
by a combination of two motions at right angles to each 
other, and by the various proportions in which these are 
combined, and by the positions in which the moving 
parts are set with regard to each other, it gives both 
the reversal of motion and the various degrees of 
expansion required. By utilising independently the 
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backward and forward action of the rod, due to the 
reciprocation of the piston, and combining this with 
the vibrating action of the rod, a movement results 
which is suitable to work the valves of engines allowing 
"the use of any proportions of lap and lead desired, 
and giving an almost mathematically correct ^* cut off '* 
for both sides of the piston, and for all points of expan- 
sion intermediately. 

It will be observed (Fig. 94) that the main valve- 
lever is pinned to a link, one end of which is fastened 
to the connecting-rod, and the other end maintained 
in about the vertical position by a radius rod, which 
is fixed to the frame near to the leading axle. The 
centre or fulcrum of the valve-lever partaking of the 
vibrating movement of the connecting-rod> is carried 
in a curved slide. 

From the upper end of the valve-lever motion is 
communicated direct to the valve by the valve-rod. 
It will thus be evident that by one revolution of the 
crank the lower end of the valve-lever will have 
imparted to it two different movements, one travelling 
in length in consequence of the stroke, the other up 
and down in consequence of the revolution of the 
crank, these movements differing as to time, and cor- 
responding to the part of the movement of the valve 
required for lap and lead, and that part constituting 
the port opening for admission of steam. 

The former of these is constant and unalterable, the 

latter is controllable by the angle at which the curved 

' slide may be set by the driver. Fig. 95, p. 200, shows 

■■he actual opening of the valve and the cut*off for the 

arious positions of the reversing gear screw or lover 

ijL the foot-plate. 
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tains, like its predecessor, a quantity of matter not originally intended for publico- 
tion, but collected by the author for his own use in the construction of a great variety 
0/ Modern Engineering Wore. 

The information is given in a condensed and concise form, aHd is illustrated by 
upwards of 370 Woodcuts j and comprises a quantity of tabulated matter of great 
value to aii engaged in de5'igniiig,constructing, or estimating for EvGiK^3,BoihE.RS, 
ani other Engineering Wore. 

*,♦ Opinions of the Press. 

" We have kept it at hand lor several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the miormation of which we were In quest." 
AthettaufH. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to Idm."— Marine Engineer. 

" Tb« author has collected together a surprising quantity of rules and practical dat^ and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most usefhl of Its kind published, and will be a very popular compendium."— £wjn£wMv. 

" A mass of information, set down in simple language, ana in such a form that it can be easily 
referred to at any time. The matter is uniformly goocTand wdU chosen and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shdvcs, where it will rank as 
one of the most useful books of reference."— /Va<Ate/ Engineert 

" Full of useful information and should be found on the office shelf of aH pntctlcal < 
—Bnglish Mechanic, 
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MR, MUTTON'S PRACTICAL HANDBOOKS— continued. 

IPracHcal Treatise on Modem Steam-Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rales and Data relating to Recent Practice in the Design, Con- 
struction, .and Working of all Kinds of Stationary, Locomotive, and Marine 
. Steam-Boilers. By Walter S. Hutton, Civil and Mechanical Engiifeer, 
Author of "The Works' Manager's Handbook," "The Practical Engineer's 
Handbook," &c. With upwards of 300 Illustrations. Second Edition. 
Medium 8vo, xSs. cloth. [Just published. 



This Work t5 issufd in continuation of the Series of Handbooks written 
by the A uthor, vix ;— " The Works' Managers' Handbook " and " The Practi- 
cal Engineer's Handbook," te>Atc/» are so highly appreciated by Engineers for 
the practical nature of their information; and is consequently written in the same 
style as those works. 

The Author believes thai the concentration, in a convenient form for easy refer- 
enUy of such a large amount of thoroughly practical information on Steam-Boilers^ 
will be of considerable service to those for whom it is intended^ and he trusts the book 
may be deemed ^wrthy of as favourable a reception as has been accorded to its 
predecessors. 

*♦* Opinions op the Press. 

"Every detail, both In boner design and management, is clearly laid before the reader. The 
volume shows that boiler construction oas been reduced to the condition of one of the roo&t exact 
sciences ; and such a book is of the utmost value to the Jin de siic/e Engineer and Works' 
Manager."— A/a Wm« Engineer, 

"There has long been room for a modem handbook on steam boilers : there is not that room 
now, because Hr. Hutton has filled it. It is a thoroughly practical book for those who are occu- 
pied in the constructioa, design, selection, or use of boilers."— fnei't^**- 

" The l)ook is of so impoctant and compfchensive a character that it must find its way into 
the libraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
thoroughly biformed. We strongly recommend the book for the intrinsic value of its contents."— 
Machinery Market, 

" The value of tUs book can hardly be overestimated. The author's rules, formuke, &c., are 
an very fresh, and it is impossible to turn to the work and not find what you want. No practical 
engineer should be without it."— CcUiery Guardian, 

Hutton^ s ** Modernised Templeton»'^ 

THE PRACTICAL MECHANICS' WORKSHOP COM- 
^ PA NION. Comprising a great variety of the most useful Rules and Formulae 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By William Teuplk- 
TON, Author of "The Engineer's Practical Assistant,'^ &c. &c. Sixteenth 
Edition. Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," &c. Fcap. 
8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative DiagramSr 
6s., strongly bound for worksiiop or pocket wear and tear. 

%♦ Opinions of the Press. 

" In Its modernised fiDfm Button's * Tenmleton ' should have a wide sale, Ibr it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other worlcs. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' ^English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; md there are 
a great many men who, in a great measure, owe their rise hi life to this little book."— BuiUing News. 

*' This Runiliar text-book— wdl known to all mechanics and engineers— is of essential service U> 
the every-day requfarements of engineers, millwrights, and the various trades connected with 
engineermg and buflding. The new modernised edition is worth Its weight in gold."— f k*W«>v' 
JVevfS. (Second Notice.) 

" TUs well-known and largely used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as -to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical WorU, 

Tetnpleton^s Engineer's and Machinist's Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By William Tbuplbton. 7th Edition, with Additions. z8mo, zs. 6d. cloth. 

" Occupies a foremost place among books of thb kind. A mora suitable present to an appran- 
tice to any of the mechaidcid trades coukl not possibly be m»dB,''—BMiIdin£ News, 

" A dcwrvedly popular work. It should be in the ' drawer ' of every mechanic."— JF^^/frA 
Mechanic. 
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Foley's B>eference Book for Mechanical Engineers* 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
tor Machine and Boiler Construction. In Two Parts. Part I. Gkmbral 
Bmoimbbring Data. Part II. Boilbr Cokstructiom. With 51 Plates and 
nnmerons Illustrations. By Nelson Folby, M.I.N.A. Folio, £5 55. half- 
boond. [Just published. 

Summary of Contents. 

PART I. 



Measures.— Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers. — Square and Cube Roots.— 
Surface of Tubes— Reciprocals. — 
Logarithms. — Mensuration. — Spe- 
cific Gravities and Weights.— 
Work AND Power. — Heat.— Combus- 
tion. — Expansion and Contraction. 
— Expansion of Gases. — Steam.— 
Static Forces.— Gravitation and 
Attraction. — Motion and Computa- 
tion OF Resulting Forces.— Accu- 
mulated Work.— Centre and Radius 



OF Gyration.— Moment of Inertia. 
— Centre of Oscillation. — Elec- 
tricity.— Strength OF Materials. 
—Elasticity. — Test Sheets of 
Metals.— Friction. — Transmission 
OF Power.— Flow of Liquids.— Flow 
OF Gases.— Air Pumps, Surface Con- 
densers, &c.— Speed of Steamships. 
— Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes.— Screws, Nuts, Bolt Heads, 
&c. — Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS Foft Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting. — Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, &c. — 
Examples of Boilers and Speeds of 
Steamships. — Nominal and Normal 
Horse Power. 



Treating of, Power of Boilers.— 
Useful Ratios. — Notes on Con- 
struction. — Cylindrical Boiler 
Shells. — Circular Furnaces. — 
Flat Plates. — Stays. — Girders. — 
Screws. — Hydraulic Tests. — 
With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

%* Opinions of the Press. 

" This appears to be a work for which there should be a lar^ e demand on the part of mechani- 
cal engineers. It is no easy matter to compile a book of this class, and the labour involved is 
enormous, particularly when— as the author mforms us— the majority of the tables and diagrams 
hare been specially prepared for the work. The diag^rams are exceptionally well executed, and 
geoerally constructed on the method adopted in a previous work by the same author. . . . The 
tables are very numerous, and deal with a fnreater variety of subjects than will generally be found 
in a work of this kind ; they have evidently been compiled with great care and are unusually com- 
plete. All the information given appears to be well up to date. . . . It would be quite impos- 
sible within the limits at our disposal to even enumerate all the subjects treated ; it should, 
however, be mentioned that the author does not confine himself to a mere bald statement of 
formuUe and laws, but in very many instances shows succinctly how these are derived. . . . The 
latter part of the book is devoted to diagrams relating to Boiler Construction, and to nineteen 
beautiruUy-executed plates of working drawings of bouers and their details. As samples of how 
such drawings should be got out, they may be cordially recommended to the attention of all young', 
and even some elderly, engineers. , . . Altogether the book is one which every mechanical 
engineer may, with advantage to himself add to nis library.".— /n<f»j/W«f. 

" Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
produced a volume which will undoubtedly fulfil the desire of the author and become indispen- 
sable to all mechanical engineers." — Marine Engineer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engineers." — journal (i/ American Society <if Naval Engineers. 

" A veritable monument of industry on the part of Mr. Fole>, who has succeeded in producingr 
what is simply invaluable to the eni^iaeering profession." — Steamship, 

Coal and Speed Tables. 

A POCKET BOOK OP COAL AND SPEED TABLES, for 
Engineers and Steam^sers. By Nelson Foley, Author of " The Mechanical 
Engineer's Reference Book." Pocket-sise, 3s. 6d. cloth. 

"These tables are desk^ed to meet the requirements of every-day use ; they are of suffi- 
cient scope for most practical purposes, and may be commended to es^neers and users of 
steam."— /r^M. 



'« TMs pocket-book well merits the attention of the practical ansHbeer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in which is firequently requirad by 
ansineers, coal consumers and users of steam."— /fVM and Coal Trades Review, 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Barnster-at-Law, Professor of Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," "The Elements of Mechanism," &c. Eleventh Edition, 
Enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has Efiven us a treatise on the steam engine which will bear comparison 
^th anything' written by Huxley or Marwell, and we can award it no higher praise."— ^Mtf^wMr. 

** Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
^Mining youmaL. 

" Essentially practical in its aim. The manner of exposition leaves nothing to be desired."— 
Scoisman. , 

Gas Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
the Supplement to the Text-booh on the Steam Engine, by T. M. Goodeve, 
M.A. Crown 8vo, 2s. td, cloth. 

" Like an Mr. Goodeve's writines, the present is no exception in point of general excdlencs. 
It is a valuable little v<dume."— A/;f€Aa»ica/ World, 

Steam Engine Design. 

THE STEAM ENGINE ; A Practical Manual for Draughts- 
men, Designers, and Constructors. Translated from the German of Her- 
mann Haeder; Revised and Adapted to English Practice by H. H. P. 
Powles, A.M.I.C.E., Translator of Kick's Treatise on " Flour Manufacture." 
Upwards of i,ooo Diagrams. Crown 8vo, cloth. {In the press. 

Steam Boilers* 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E. Fifth Edition, 
lamo, 6s. cloth. 

"The best treatise that has ever been published on steam boilers." — Engineer, 
"The author shows himself perfect master of his subject, and we heartily recommend all em* 
ploying steam power to possess themselves of the 'woKk,"—Ryl4iHd's Iron Trade drcutar, 

toiler Chimneys. 

BOILER AND FACTORY CHIMNEYS: Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.T.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3;. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical in treatment. '— 
The Local Gorvemment Chronicle. 

" A valuable contribution to the literature of scientific building."— 7%^ Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER &> ASS 1ST- 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 Illusts. Fcap. 8vo, ys. half-bound. 

" A most useful work. ... No workman or apprentice should be without this book."— 
Iron Trade Circular, 

" Boiler-makers will readily recognise the value of this volume. . . . The tables are cleariy 
printed, and so arranged that they can be referred to with the greatest &cility, so that it cannot bo 
doubted that they wifl be genenlly appreciated and much vsocL"— 'Mining- youmai. 

Locomotive Engine Development. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Eugines 
between the Years 1803 and 1892. By Clement E. Stretton, C.E., Author 
of " Safe Railway Working," &c. Second Edition, Revised and much 
Enlarged. With 94 Illustrations. Crown 8vo, 35.6^. cloth. [Just published. 

" Students of railway history and all who are interested in the evolution of the modem locomo- 
tive will find much to attract and entertain in this volume."— TA* Timer. 

" The volume cannot fail to be popular, because it contains, in a condensed and readable 
form, a great deal of just the kind of information that multitudes of people ynnx.."— Engineer. 

" The author of this work is well known to the railway world as one who has long taken a 

treat interest in everything pertaining thereto. No one probably has a better knowledge of the 
istory and development of the locomotive. It is with much pleasure we welcome the volume 
before us ... . which, taken as a whole, is most interesting, and should be of Vwilue to all 
connected with the railway system of this country, as a book of reference."— A^a/wr?. 
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Fire Engineeringm 

FIRES, FIRE'ENGINES, AND FIRE-BRIGADES. With 
a Historj of Fira-Engines, their Constrootioa, Use, and Management ; Re- 
marks on Fire>Proof Baildinj{s» and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire- Brigades, Ac. Ac. By Charus F. T. Youno, C^ With 
nnmerouf lilastrations. 544 pp^ demy Byo. £t 4s. doth. 
To Mch of our readers as ar« UBteresbKl ia the subject of fins and &n appmatxa, «• am most 

l-eiftiljr coninaad this book. It is rea'ljr the onJy Engltth work we now hare upoa the subject" — 

Jimgi mt i trit i f '. 

Estimating for Engineering Workm Ac. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With nnmerons Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers; and a Section on the Preparation of Costs 
Accounts. By A Gbnbrai, Manager. Demy Svo, xas. cloth. 
" Tht< is an exceueat and rery useful book, covering subject-matter ia constant requbitian in 

every f«ctory and workshop. . . . The book is invaluable, not only to the young en^iMer, but 

also to the estimate department of every wotks.''—SMiUlcr. 

" We Accord the work unqualified praise. The inform ition is given in a plain, straightforward 

manner, and hears throughout evidence of the intimate practical acqiuintatwe of the author with 

every phase of commercial engineering "—MieM^niaU lyiarid 

Engineering Conetruction* 

PA TTERN -MAKING : A Practical TreaHsi, embracing the Main 
l>pes of Engineering Construction, and inclndina Gearing, both Hand and 
Machine made, Engme Work, Sheaves and Pulleys, Pipes and Colcunns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, Ac, together with the methods ot Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Forbuan Pattrrm Mabbr. With upwards of 370 
Illustrations. Crown Svo, 71. 6d. cloth. 

** A well- written technical guide, evidently written by a man who nndentands and has prac- 
tised what he has written about. . . . We oocdially recommend it to engineering students, youcg 
J umeymen. and others desirous of befaig faiitiated into the mysteries of pattern-making.''— ^wtlAirr. 
"More than 370 illustimtlons help to explain the text, which ia, however, always dear and ex- 
plIcH, dius renderuig the work an excellent vmdt mtaim £k the ai^reatice who desires to become 
master of Us tiade.'^-ffv'ifA Jitckamie, 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD' S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHA NIC A L ENGINEERING, embtacing those current 
in the Drawins Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, ftc. Ac. Comprising upwards of 6,000 Definitions. Edited by 
A Forbuan Pattbrm-Makbr, Author of "Pattern Making.'* Second 
Edition, Revised, with Additions. Crown Svo, 7s. 6d. cloth. [jMst publishtd, 
"Just the sort of handy dicdonary requtied by the various trades engaged in mechanical ta- 

glnecring. The practical engineering pupn will find the book of great vame in his studies, and 

every fcHreman engineer and mechanic should have a copy. "—Builaifv News, 

'^One of the most useful books which can be presented to a mechanic or student"— fiv'^rA 

Meefianic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 

a happy idea to combme with a definition of the phrase useful information on the subject of which 

it trmu."—JlfacAiHery JL'arJUt. 

Mill Gearing. 

TOOTHED GEARING : A Practical Handbook for Offices and 
Workshops. By A Foreman Pattern Maker, Author of " Pattern Making," 
** Lockwood's Dictionary of Mechanical Engineering Terms," &c. With 
184 Illustrations. Crown Svo, 6s. cloth. {Just published. 

Summary of Contents. 



Chap. I. Principles.— 11. Forma- 
tion OP TooTH Profiles. — III. Pro- 
portions OF Teeth.— IV. Methods 
of Making Tooth Forms. — V. Invo- 
lute Teeth. — VI. Some Special 
Tooth Forms. — VII. Bevel Wheels. 
— VIII. Screw Gears. — IX. Worm 
Gears.— X. Helical Wheels.— XI. 

"We must give the book our unqualified praise for its thoroughness of treatment, and we can 
aSS^ ^j^U ^^^ '^ faterested as the most practical book on the subject yet written."— 



Skew Bevels.— XII. Variable and 
OTHER Gears. — XIII. Diametrical 
Pitch.— XIV. The Odontograph.— 
XV. Pattern Gears.— XVI. Machine 
Moulding Gears.— XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 
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atone^working Mtwhinery, 

STONE-WORKING MACHINERY, and the RapU and Economi- 
cal Conversum of Stone, With Hints on the Arrangement and Managtment 
of Stone Works. Ky M. Powis Balb, M.I.M.E. With Illusts. Crowii ovo, ^, 
"The book should be In tfa* hands of every masou or studeac of stoae-woric"— ut.//^/> 

" A capital handbook for all who manipulate stone for building or ornamental purposes. '— 
kt^chinery Market, 

Bump Construction and Management* 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 

Notes on Selection, Construction and Management. By M. Towis Balk. 

M.I.M.E., Author of " Woodworking Machinery," " Saw Mills." &c. Second 

Edition, Revised. Crown 8vo. 25. M. cloth. [jfust publish d. 

" The matter is set forth as concisely as possible. In fact condensation rather than dtffuseness 

has been the author's aim througfhout; yet he does not seem to have omitted anythinj; likely Ut be 

of n^K."~'yournal^Gas Lighting. 

" Thoroughly practical and simply and clearly ytvXXxxi."— Glasgow Herald. 

Milling Machinery y etc. 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutteri, including Information on 
Makinff and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work,'^ " Handybooks for Handicrafts," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 352 
pages, 125. 6d. cloth, 
r *' A new departure in enghieeringf literature. . . . We can recommend this work to all 
interested in milling machines ; it is what it professes to be— a practical treatise."— ifr^/r^^r. 

" A capital and reliable book, which will no doubt be of considerable service, Doth to those 
who are already acquainted with the process as well as to those who contemplate its adoption."— 

Jtidustries. 

TUmtng. 

LATHE'WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Faux. N. Uaslucb. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, js. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to coorey hi* knowledge to otfaen. To all turners this book would be valuable.* 
—Engineering, 

V We can safely lecommend the work to jroung engf neen. To the amateur It win dmply be 
o valuable. To the student it will convey a great deal of uaMl infomaation."— f^yiweffr, 

ticreW'Cutting* 

SCREW THREADS : And Methods of Producing Them, With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
Bv Paul N. Hasluck. Author of " Lathe- Work," &c. With Seventy-four 
lUustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
IS. 6d, cloth. 
** Full of useful information, hints and practical criticism. Taps, dies and screwing*tools get < 
"• ■ ■ ■ ■ ■ rft). ■ ■- 



rally are illustrated and their action described."- ^lecAaniea/ fVorld.^ 

" It is a complete compendium of all the details of the screw cuttiog latae ; in lacc a muuuwrt 
in parvo on all the subjects it treats u\fOiti.'*~-Carpenter and Builder, 

Smith's Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, FoRMULiB, and 
Memoranda. Waistcoat- pocket size, Z5. 6d. limp leather. 

" It would, perhaps, be as difficult to make a small pocket-boo'f selection of notes and formnbB 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waJstcoefi> 
pocket collection may be looked upon as a successful attempt,"— Engineer. 

" The best example we have ever seen of 370 pages of useful matter packed into the dimeop 
sions of a card-case."— .^MiA^M^ News, "A veritable pocket treasury of knowledge."— /rwr. 

French-English Glossary for Engineers, etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Jambs 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
'xoo pp. Waistcoat-pocket size, is. 6d, limp leather. 

" It is a very great advantage for readers and correspondents in France and England t^o have 
so lar<e a number of the words relating to engineering and manufacturers collected ux a lilip .tian 
volum 1. The little book will be usefulboth to fttudents and travtiiers."— Architect. 

of the tables are new and well arranged. 



" The glossary of terms is retj complete, and many ( 
We cordUitty coounend the book.*— Meckanieai IVerU, 
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Portable Engine$» 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wamsbrough. With 90 Illustra- 
tions. Crown 8vo, 3s. 6d, cloth. 
"This Is a work of ralue to those who use iteam machinery. . • . Shonldbeieadbjrerwjr- 

one who has a steam engine, on a farm or elsewhere."— A/ar^k Lane Exprtss. 

" We cordially commend this work to buyers and owners o( steam engines, and to those who 

have to do with their construction or va/t^—Timbtr Trades JoumaL 

'* Such a general knowledge of the steam enji^ine as Mr. wansbroagli flmlShes to tiM reader 

should he acquired by all inteUigen t owners and others who use the steam engine. "-'BuUding Ntws. 
** An excellent text-book of this useful form of enein*, which des<7lbes with all necessary 

minuteness the details of the various devi':es. . . ' Th^ Hints to Purchasers ' contain a good deal ot 

commonsense and practical mi^oTCL."'-£$tglish Mechanic. 

Iron and SteeU 

" IRON AND STEEL " : A Work for thePorgi, Foundry, FaOory, 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
luabieis and their Stock-takt rs ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills : Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers; Architects, Contractors. 
Builders, and Prcfessional Drau»htsKen. By Charlks Hoarr, Author of 
"The Slide Rule,"&c. Eighth Edition, Revised throughout and considerably 
Enlarged, samo, 6s. leather. 

" For comprehensiveness the book has not its equal."— /r<?«. 
*' One of the best of the pocket books."— SM^/itA Mechanic. 

*' We c «rdially recommend this book to those engaged in conslderlnff the detaOi of all kinds o 
iron and steil works."— i\r«tMi/SMmc». 

Elementary Mechanics. 

CONDENSED MECHANICS. A Selection of Formulae, Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department. 
By W. G. Crawford Hughes. A.M.I.C.E. Crown 8vo, u. 6d. cloth. 

" The book is well fitted for those who are either confronted with practical problems in thei*^ 
work, or are preparing for examination and wish to refre&h their knowledge by gomg through tfaeis 
formulae again."— il/an"«^ Kng-itteer. 

" It is well arranged, and well adapted to meet the wants of those for whom it is intended."^ 
Raihvay News. 

Steam^ 

THE SAFE USE OF STEAM. Containing Rules for Un- 

professional Steam-users. By an Emoimkkr. Sixth Edition. Sewed, td. 

" If steam-users would but learn this little Ixwk bf licart, boiler explosions would becone 
sensations t^ their rarity."— J^n^/irA Mechanic. 

Warming* 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jombs. With upwards of 50 Illustrations. Crown 
8vo, 25. cloth. 

'^ " We confidently recommend all Interested in heating by hot water to secure a copy of thi» 
raluable little treatise."— rA/ Plumber and Decorator. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
(" Thb Engine Driver's Friend "). 

Locomotive'Bngine Driving* 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual fop 
En^neers in charge of^ Locomotive Engines. By^ Michael Reynolds, Member 
of the Society of Engineers, formerly Locomotive Inspector L. B. and S. C. R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illus- 
trations and P&rtrait of Author. Crown 8vo, 4s. 6d. cloth. 
"Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recommend 

the book, not only to the practical driver, but to everyono who takes an interest in the performance 

of locomotive engines."— 7*** Engineer. 

" Mr. Reynolds has opened a new chapter In the literature of the day. This admirable practical 

treatise, of the practical utility of which we tiave to speak in terms of warm commendation."— 

" Evidently the work of one who knows his subject thorou£rhIy."— Railway Service GeutetU. 
" Were the cautions and rules eiven in the book to become part of the every-day working of 
our enj^ine-drivers, we mij;ht have fewer distressinf; accidents to &ep\an"—Scotsniaiu 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpnurs in charge of Stationary Engines. By Michael Reynolds. Fourthr 
Edition, Enlarged. With Plates ana Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"Theauthor is thoroughly acquainted with his subjects, and his advice on the various points 

treated is dear and practical. . . . He has produced a manual which is an exceedingly useful 

one for the class for whom it is specially intended." — Engituering^. 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 

something about the stationary engine, but all about it."— Engineer. 

"An engineman who has mastered the contents of Mr. Reynolds's book will require but little actual 

experience with boilers and engines before he can be trusted to look a/ter them." — EnglishMecfumic 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech* 
nical kind, and mcts that every driver should be femtliar with." — English Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who ha» 
ever laid, or is to lay, hands on a locomotive engine."— /rMt. 

Continuous Mailway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown Svo, gs. cloth. 
" A popular explanation of the different brakes. It will be of ^eat assistance in forming public 

opinion, and wUl be studied with beaefit by those who take an mterest in the baiM."—Bn£iish 

Mechanic. 

" Written with sufficient technical det^ to enable the principle and relative connection of the 

various parts of each particular brake to be readily gtaspecL"'-Mechanicai JVorU, 

Engine^Driving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown Svo, 2S. cloth. 

" From first to last perfectly fescinating. Wilkie Collins's most thrilling conceptions are thrown 
i ato the shade by true incidents, endless in their variety, related in every pzge."— North British MaiL. 
"Anyone who wishes to get a real insight hito railway life cannot ao better than read * Engine- 



-ogi" 
Driving Life' for himself ; aiid if he once take it up he wUl find that the author's enthusiasm and real 
Ic ve ofthe engine-driving profession will carry liim on till he has read every page."— %Sa/wnA^ JZ«virar. 

JPocket Companion for Enginemen. 

THE ENGINEMAN:S pocket COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Roysu zSmo, 3s. 64., 
strongly bound for pocket wear. 
"This admirable work is well suited to accomplish Its object, being the honest workmanship of 

a competent engineer." — Glasgow Herald. 

" A most meritorious work, giving in a sucdnct and practical form all the Information an engine- 

minder desirous of mastering the scientific principles of his daily calling would require." — Tht 

MUl^. 

** A boon to those who are striving to become efficient mechanics."— i7a»(>' ChrotiicU, 
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GITXL gMQIM BEBINO, aUB VBYIMQ, etc 

KH. HUUBEH'S VALUABLE ENBIHEERIHQ BOOKS, 
Tho Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on Iht WATER-SUPPLY 
OF CITIES AND TOWNS. By William Hu-ieii, A-M.Init.C.E., uhI 
H. lull. U.K., ADIbor of "Cul ind Wroughl Iron Bridge Contlraclioil," 
Ac. Ac. IllDilnilsd with jo Donbla Flam, i Single Plita, Coloaied 
FtoaUiplecA, and upwvrdi of *50 Woodcuti, and cooUijimfl 400 pages of 
Teit. I1DP.4U), £tea.ele([u|]yudiubtUiiiuiU7luilJ-boiuiduim«aoca. 




Cast and Wrought Iran Bridge Conittruclion. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION. iKcludinf Inn 
Fonndatiora. In Hiree Puts— Tlieorelicil. Practical, sad DcBcriptivs. Bf 
"' " ■ "■ml.C.E., and M.IqslW.E. Third Ecfilion, Re- 




Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 

IN GIRDERS ANDSIUlLARSTRVCTUSES.ANDTHEIRSTSENGTn. 

fcr Practical Application, &c. By William hI^i'b. A-M.In8l.C.E., ie! 
Fifth EditioiL r Crown Svo, aeaify ico Woodcuts and 3 Plaus,^7i. Sd. clolh. 

BarUMv's Strength of Materials, enlarged byBumber. 
A TREATISE ON THE STRENGTH OF MATERIALS: 

with Rule* for Application b Aichilecture, the Constmction of Sntpenaion 

b"hi8^nB, p!^W^, Bahlow, F.R.S.,"iiad \t. H.'bVslow'I'.R.S. it'o'whicb 

Fonnula for Calculating Guders.&c. Arranged and Edited bfWu.HuiiBiB, 
A-H.Inst.C.K. Demy Svo, 40a pp., with ig liuge Plalei and nnmaraDi Wood. 
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MR. NUMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price fit its., halfmorocco. Each 

Volume sold separately as follows :— 

A RECORD OP THE PROGRESS OP MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William Humber, 
A-M.Inst.C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copioas 
descriptive Letterpress, Specifications* &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



Thames, West London Extension Rallwav (j 
plates) ; Annour Plates : Suspension Bridge, 
Thames (4 idates); The AUen Engine; Sn9> 
pension Bricbfe, Avon (3 plates) ; Underground 
kaihnqr (3 ptates). 



Victoria Station and Roof, L. B. & S. C. R. 
18 plates) ; Southport Pier (a plates) ; Victoria 
Station and RoofT L. C. & D. and G. W. R. (6 
ptatec); Roof of Cremome Music Hall; Bridge 
over G. N. Railway ; Roof of Station, Dutch 
Rhenish Rail (3 plates); Bridge over the 

" Handsomely lithographed and printed. It wQl find favour with many who desire to preserve 
In a permanent form copies of the pians and specifications prepared for the guidance of the con* 
tractors for many important engineering works. —Ensineer, 

HUMBERTS PROGRESS OF MODERN ENGINEERING. 
Second Series. Imp. 4to, with 36 Doable Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



nrkeobead Docks, Low Water Basin (15 
plates); Charing Cross Station Roof, C. C. 
Railway (3 (dates) ; Digswell Viaduct, Great 
Northern Railway : Robbery Wood Viaduct, 
Great Northern Railway; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tredegar, 



and Abei 



ivenny Railway; Ebbw Vladoct, 

redMtax, and Abergavenny Rail* 

way; 'CoU^^e Wood Viaduct. Cornwall Rail- 



aeigav 
r, Tn 



Merthyr, Tred< 



wav ; Dublin Winter Palace Roof (3 plates) ; 
Bridge over the Thames, L. C. & D. Railway 
(6 plates) ; Albert Harbour, Greenock (4 plates). 



** Mr. Humber has done the profession good and true service, by the fine collection of examples 
be has here brought before the profession and the public."— /Vnc/ifea/ Mechanic's youmal. 

HUMBERTS PROGRESS OP MODERN ENGINEERING. 
Third Series. Imp. 4to, with 40 Double Plates, Photo^aphic Portrait ot 
J. R. M'Clean, late Pres. Inst. C.E., and copious descnptive Letterpress, 

i Specifications, &c., £3 35. half-morocco. 

List of the Plates and Diagrams, 



MAIN DRAINAGB, MBTROPOLIS.— AbrM 
Side. — Map showing Interception of Sewers; 
Middle Level Sewer (a plates) ; Outfall Sewer, 
Bddge over Rhrer Lea (3 plates) ; Outiall Sewer, 
Biid^ over Marsh Lane. Nordi Woolwidh 
Rallwav, and Bow and Barking Raflway Junc- 
tion; Outfall Sewer, Bridge over Bow and 
Barlong Railway (3 plates); Outfall Sewer, 
Biklge over East London Waterworlcs' Feeder 
(a plates) ; Outfall Sewer, Reservoir (9 plates) ; 
OiK&ll Sewer, Tumbling Bay and Outlet j Out- 
fall Sewer, Penstocks. Stntth Sidf.—Ovit&a 



Sewer, Reservoir and Outlet Uoiates) ; OoC&ll 
Sewer, Filth Hoist; Sectioos M$e««i8 (Moitli 
and Soutli Sides). 

THAMES EMBAinCMBNT.— Section of River 
Wan ; Steamboat Pier, Westminster (a plates) : 
Landing Stairs between Charing Cross and 
Waterloo Bridges: York Gate (a (uiates) ;■ Over- 
flow and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier, Waterioo Bridge (3 plates) ; 
Tunctioa of Sewers, Plans and Sections ; 
Gullies, Plans and Sectkxis; Rolling Stock; 
Gtaoits and Iron Forts* 



Sewer, Beimondsey Branch (2 plates) ; Out&ll 

** The drawings have a constantly increasing value, and whoever desires to possess dear repre* 
•entatlons of the two great works carried out by our Metropolitaa Board will obtain Mr. Humber's 
votume."-nfiM^M«0rt 

HUMBER'S PROGRESS OP MODERN ENGINEERING. 
Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., ^d copious descriptive Letterpress, 
Specifications, &c., £s 3s. half-morocco. 

List of the Plates and Diagrams. 
Abbey Mnis Pumping Station, Main Drain- 



age^ Metropolis (4 plates) ; Barrow Docks (K 
plates) ; Manquis Viaduct, Santiago and Vat 
paraiso Railway (a plates); Adam's Locomo- 
tive, St. Hden's Canal Railway (a plates); 
Cannon Street Station Rooi; Channg Cross 
Raflway (3 plates) ; JLoad Bridge over the River 



Mesopotamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; St. Germans via- 
duct, Cornwall Railway (s plates); Wrought* 



Iron Cylinder for Diving BeU; Mfllwall Docks 
<6 plates); Milroy's Patent Excavator ; Metro- 
poUtan District RaHw^ (6 plates); Harbours, 
Ports, and Breakwaters (3 plates). 



Moica (3 plates) ; Telegraphic Apparatus for 

*' We gladly welcome another year's issue of this valuable publication firom the able pen of 
Mr. Humber. The accuracy and general excellence of this wonc are well known, while its useful- 
oess in giving the measurements and details of some of the latest examples of engineering, as 
carried out by the most eminent men in the profiession, cannot be too highly pnxnd.^'^Artisan. 
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Statics, Cfraphie and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical AppU- 
cation to ths Treatment of Stresut in Roofs, Solid Girden, Lattice, Bowstring 
ami Suspension Bridges, Braced Iron A rches and Piers, and other Frameworks. 
Bt R. Hudson Graham, C.B. Containing Diagrams and Plates to Scal«. 
With namerons Examples, many taken from existing Stnictures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth. 

**Mr. Graham's book win find a place wherevor graphic and analytic statics ave used or studied. " 
^Bttfinetr, 

"TheworkisezodlentftDiD sptscUcal point of view, and has evIdenfiT been pnpaved wiA 
■nch care. The directions for working are ample, and are illustrated by an abundance of welV 
selected examples. It is an ercellent text-book for the practical diangbtaDaa."— ^/iiWMrMM. 

JPractical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pnre and Mixed Mathematics. Designed chiefly for the nse 
of Civil Engineers, Architects and Surveyors. By Olinthus Grxgory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College. 
With 13 Plates. 8vo, £1 is. doth. 

" The engineer or architect win here find rea^to his hand rales for soMng nearly ererynathe- 
matlcal difficulty that may arise in his practice. The rules are in all qases explained by means of 
examples, in which every step of the process is dearly worked out."— i^MiUrr. 

" One of the most s^riceable books for practical mechanics. . . It is an instructive book for 
the student, and a text-book for htm who, haTing once mastered the subjects it treats oi, needs 
cc casiona i ly to refresh his memory nfiou thtm."—£MiUUMtr News, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULM 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers, With New Formulas, Tables, and ueneral Information on KainfaU. 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engmeer, M.R.I.A. Third Ed., carefully 
Revised, with considerable Additions. Numerous Ulusts. Cr. 8vo, 145. cloth. 

" Alike valuable to students and engineers in practice ; its study will prevent the annoyance of 
■voidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic engineering."— ^»»^i^ yournal. 

" It is, of all English books on the subject, the one nearest to completenesi. . • . From the 
good arrangement of the matter, the clear explanations, and abundance of formulae, the careftilly 
calculated tables, and, above all, the thorough acquaintance with both theory and constructioot 
which is displayed from first to last, the book will be found to be an acquisitkm/'— .<<>vMIM: 

JELydravlics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D' A. Jackson, Author of "Aid to Survey Practice," 
"IModern Metrology,*' &c. FourthJEdition, Enlarged. Large cr. 8vo, z6s. cl. 

" The author has had a wide experience in hydraulic engineering and has been a careful ob- 
server of the facts which have come under his notice, and from the great mass of material at his 
command he has constructed a manual which miy be accepted as a trustworthv guide to this 
branch of the enfi^neer's profession. We can heartily recommend this volume to all who desire to 
be acquainted with the latest development of diis important subject." — Enginteritt^^. 

"The standard-work in this department of mechanics."— Sro/'xma^. 

" The most useful feature of this work is its freedom from what is snpenoBuated, and it» 
thorough adoption of recent experiments ; Uie text is, in fiict, in great part a short acconnt of the 
great modem esperiments."— yvo/terf. 

jyraina^e. 

ON THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Deupsby, C.E., Author of " The Practical Railway En- 
gineer," &c. Revised, with large Additions on Recent Practice in 
Drainage Enginbe«ino, by D. Kinnear Clark, M.Inst.C.E. Author of 
'< Tramways: Their Construction and Working," "A Manual of Rules, 
Tables, and Data for Mechanical Engineers,*' &c. Second Edition, Cor- 
rected. Fcap. 8vo, 55. cloth. 

" The new matter added to Mr. I>empsey's excellent work Is characterised by the comprehen- 
sive grasp and accuracy of detail for which tne name of Mr. D. K. Clark is a sufficient voucher."— 
Atkenaum. 

" As a work on recent practice In drainage engineering, the book is to be commended to all 
who are making that branch of engineering science their special study."— /r<>». 

" A comprehensive manual on drainage engineering, and a useftU introduction to the student.**' 
— SuUdinji; News, 
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Water Storage, Conveyance^ and Utilisation* 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of '* Sanitary Work in the Smaller 
Towns, and in Villages,'* &c. With numerous lUusts. Cr. 8vo, 7s, 6d, cloth. 
" As a small practical treatise on the water supply of towns, and on some applications of 

water^ower, the work is in many respects excellent. —En£ineerift£: 

" The author has collated the results deduced from the experiments of the most eminent 

authorities,.and has presented them in a compact and practical form, accompanied by Tery clear 

and detailcKl explanations. . . . The appUcation of water as a motive power is treated Very 

carefully and exhaustively."— i?»t7(/«r. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 

applications of the science there is no better gmde."—ArcAitett, 

River Engineering* 

RIVER BARS: The Causes of their Formation, and their Treat- 
went by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng, 
to the Dublin Port and Docks Board. Royal 8vo, 75. oa. cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the im- 

Covements of rivers generally— to read Mr. Mann's interesting work on the treatment of river 
rs."— Engineer. 

!M}russes 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe LoadSfScantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

" This handy little book enters so minutely Into every detail connected with the construction of 
roof trusses, that no student need be ignorant of these matte!ts,"-'Praciicai Engineer, 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement £. Strbtton, C.E., Vice-President and Con- 
sulting Engineer, Amaleamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Third Edition, Enlarged. Crown 8vo, 3$. 6d, 
cloth. 

" A book for the engineer, the dhrectors, the managers ; and. in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in * Safe Railway Working.' "—Railway 
Review. 

** We commend the remarks on railway signalling to all railway managers, especially where a 
«Kilform code and practice is advocated." — Herepath's Railway journal. 

" The author may be conp^ratulated on having collected, in a very convenient form, much 
valuable information on the prmcipal questions aflecting the safe working of railways."— ^at7« 
way Engineer. 

Oblique Bridges. 

A PR A CTICA LAND THEORETIC A L ESS A Y ON OBLIQ UE 
BRIDGES. With 13 large Plates. By the late Georgb Watson Buck. 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.B. Royal 8vo, Z2s. 
cloth. 

** The standard tex^book for aB engineers rcfcaxdiag skew arches b Mr. Buck's treatise, and it 
would be impossible to consult a hettee?'— Engineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested tibe 
Subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi< 
tect, on a confessedly difficult subject, Mr. Buck's work is \XDSuxpassod,"—£t4ilt/ingJ\rewt, 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay, By T. H. Watson Buck, M.Inst.C.B., 
Resident Engineer, London and North-western Rldlway. Illustrated with 
Folding Plates. Royal 8vo, 125. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and tiie observations 

«n the form of arch, the rul^ for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering protession."—Builditig News 

■ " Win be regarded by civil engineers as of the utmost valofib and calculated to save much time 

and obviate many mistakes."— CeZ/vrry Guardian, 
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StudefU^s Text-Book on Surveying. 

PRACTICAL SURVEYING : A Text-Book for Students pre- 
pariog for ExaminattOD or for Sorvev-work in the Colonies. By Gsorgk 
W. UsxLL, A.M.I.C.Bn Author of "rte Statistics of the Water Supply of 
Great Britain." With Poor Lithogn4>hic Plates and upwards of 330 Illastra- 
tiont. Second Edition, ReviMd. Crown 8to, 7s. 6d. cloth. 
** The bMt fofias of fattmiiMnl* are datcrfbed as to their c onstiuc tioB, naes and modes of 

gMploynaat, aad tbeta are lana i efab l a Uats oo work and eauipment such as the aathor, in his 

•«perienca as swveyor. draughtaaua. and teacher, has found necessary, and which the student 

to Bis toesperieace wtB find most servtoaabla.*— fitfilMMr. 

* The brtost traatJaa to the Eaglish langvage on samyiag, and we have no hesitanon in sayw 

%ng that the student wfB Cnd It a beitar nide than any of its predecessors ..... 

Desenres to be recognised as the first t>ook which shotdd be put to the hands of a papO (^ CMi 

Englneeita£, and every ([iiiHlamaa of edncation who sets oat fat the Colonies would find it well to 

have a copy. — ^fiA<te<^. 

Survey Practice, 

AID TO SURVEY PRACTICE, for Refrnna in Surviying, UviU 
Ung.and Setting-cut; and in Route Survey i of Travellers by Land and Sea, 
With Tables, Illostrations, and Records. By Lowis D'A. Jackson^ 
A.M.I.C.E., Author of ** Hydraulic Mannal,'* " Modern Metrology," Ac 
Second Edition, Enlarged. Large crown 8to, 12s. 6d, cloth. 
**Mr. Jackson has prodnoad a vahabto vadt-mtmm fbr the surveyor. We can recommend 
this book as containing an admfaabto aupplement to the teaching of the accomplished surveyor."— 

" As a tut'beok we Aotdd advin all s o t ve y o w to jplace It to their b*braries. and study well the 
matured lostnictions afforded to Its pages."— CMMcry Ct$anNaM. 

" The autlior brings to his work a fortanate union of tlieory and practical experience wUdk, 
aided by a clear and ludd style of writing, renders the book a very useful one."— ^MsMsr. 

' Surveying, Land and Marine. 

LAND AND MARINE SC7i?K£y/i^G, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction,** Ac. Second Edition, Revised, with Additions. Large cr. 8vo, 9s. d. 
*' Thii book must prove of great value to the student. We have no hesitation to rf cosuaend- 

lag it, feeltog assured that it wiu more than repav a careful study."— ^^^Aawt^o/ IVorld, 

'*Amost useful and well pnranged book fbr the aid of a student We can strongly recoomiend 

it as a caieAiUywitttaa aad vaiaabb tazt-book. It aqjoys a well-deserved repute among surveroEk" 

** This volnmecaanotftO to piove of tike utmost practical utiBty. It may be safely recommended 
to an students vdio aspire to beoome clean and expert surveyors."— Aftw*;^ yoummL 

Field'Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying ana 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. Bv W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Emtion, Enlarged. Crown 8vo, 12s. cloth. 

*'The book is very nandy ; the separate tables of stoes and tangents to every adnnte wm make 

It useful for many other purposes, the genuine tra verse tobies existing all the samB."-—AiAttutum. 

"Every person engaged to engineering field operations wiU *x ^«f« atf^ the importance of sndi a 

work and ne amount of vahiabla time which will be saved by refierence to a set of leUafale tables 

prepared with the accuacy and ftitoeas of those i^ven to tikis votome."— iEatsAMv A^mm. 

lieveUing. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads : with Mr. Telford's Rules for the 
same. By Frbdsrick W. Simms, P.O. S., M.Inst.C.B. Seventh Edition, with 
the additionof Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous IWoodcuts. 8vo, 8s. 64. cloth. \* Trautwims on Cnrres 
may be had separate, 5s. 
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Trigonofnetrical Surveying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation 0/ Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, FormulaB, and Tables. By Lieut.-General Frome, R.B. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charles 
Warren, G.C.M.G.,R.E. With 19 Plates and 1x5 Woodcata. Royal 8vo, its, 
cloth. 

*'The rimple fkct that a fourtii edition has been called for Is the best testimony to Its meilti. 
No words of praise from us can streng^en the position so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to brin£ every portion of the contents up to the present dMo."'-~Broad Arrow. 

Field Fortification, 

A TREA TISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of 12 Plates, X25. cloth. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting. 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S,, 
M.Inst.C.E. Third Edition, Revised and Extended by D. Kinnbar Clark, 
M.Inst. C.E. Imperial 8vo, with ax Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

*'The estimation in which Mr. Sfanms's book on tunnelUngr has been held for erer thirty jrears 
cannot be moretruly expressed than in the words of the late Prof. Rankine: — 'The best source of in* 
formation on the subject of tunnels is Mr.F.W.Simms's work on Practical TvnatlUng."''-Arthiieci. 

" It has been regarded from the first as a text-book of the subject. . . . Mr. Clark has added 
immensely to the value of the book."— f^t^Mvr. 

Tramways and their Working, 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis 0? the various Modes of Traction, including Horse>Power, Steam, 
Compressed Air, Electric Traction, &c. ; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. dec. By D. Kinnsar Clark. M.Inst.C.E. With numerous 
Illustrations. In One Volume, 8vo. lln preparation. 

" All interested in tramways must refer to It, as all railway engineers have turned to the autbor't 
work • Railway Machinery."'— £«,r»««''« 

" An exhaustive and practical work on tramways, in which the history of this kind of locomo* 
tion, and a description and cost of the various modes of laying tramways, are to be found."— 
Building- News, 

" The best form of rails, the best mode of construction, and the best mechanical appliances 
are so fairly indicated in the work under review, tliat any engineer about to construct a tramway 
win be enabled at once to obtain the practical information which will be of most service to him."— 
Athenaunu 

Curves, Tables for Setting-ouU 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius, By Alexander Beatbley, 
M.Inst.C.B. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-];>ocket size, 35. 64. 

" Each table is printed on a small card, which, befaifl: placed on the theodolite, leaves tiie luads 
free to manipulate tne instrument— no small advantage as regards the rapidity ofwoxk."~-Sfi£iHeer. 

" Very handy ; a man may know that all his day's work must fiill on two of tibese cards, wliich 
he puts into his own card-case, and leaves the rest Dchind."-v«t«H«Mm. 

Farthworkm 

EARTHWORK TABLES. Showing the Contents in Cubic 

Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 

average of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. 

Crown 8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in which are constant and one variable, is ingenious."— ^//c/nan<m. 
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Heat, Expansion by. 

EXPANSION OP STRUCTURES BY HEAT. By John 
KftiLY, C.B., late of the Indian Public Works and Victoxian Railway Depart- 
ments. Crown 8vo, 31. 6d. doth. 

SUUUAaT OP CONTKMTS. 



Section I. Formulas and Data. 
Section II. Mbtal Bars. 
Section III. Si mplk Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal Conductititt. 



Section VI. Mechanical Force of 

Heat. 
Section VII. Wore op Bzpansioh 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him, viz., to show the effects of heet apon metallic and 
other stractores, b a laudable one. for this is a branch of physics upon which the engineer or archi- 
lect can find but Vtttim reliable and comprehensive dau in hooks."— BuiUgr. 

" Whoerer is concerned to Icnow the effect of changes of temperature on sudi structures as 
sotpcnsioin bridges and the Ulce. could not do better than consuft Mr. Kelly's Taluable and handy 
expodtion of the geometrical principles invohred la these <±axtgea,"'-SetitmmM, 



Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Albx. J. S. Graham, 
C.B. With nnmeroas Diagrams. Second Edition. x8mo, 35. 6i. cloth. 
** A gnat amoont of practical Information, very admirably arranged, and available for roagh 
■■HmatM, as well at for the more exact cakiihrtons required in the engineer's and contractor's 



Strains in Ironwork, 

THE STRAINS ON STRUCTURES OP IRONWORK; with 
Practical Remarks on Iron Constfaction. By F. W. Sheilds, M.Inst.C.B. 
Second Edition, with 5 Plates. Royal 8vo, 5s. doth. 
The student cannot find a better little book on this subject"— fff/^&Mrr. 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS, By Thomas Tredoold, C.B. Fifth 
Edition, including Hodoeinson's Experimental Researches. 8vo, zas. cloth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES, By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 85. cloth. 

Girders, Strength of 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watsom 
BucE, M.Inst.C.E. On a Sheet, ss. 6d. 
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MARINE ENGINEERING, SHIPBUILDING, 

N AVIGATION, e to. 

Bocket'Boohfor Naval Architects and Shipbuilders^ 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tableland MARINE ENGINEER'S 
AND SURVEYOR'S Handy Booh of Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fifth 
Edition, Revised and Enlarged to 700 pages, with upwards of 300 Illustra- 
tions. Fcap., Z2S. 6d, 8trongl> bound in leather, [Just published , 



Summary op 

Signs and Symbols, Decimal Frac- 
tions.— Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments of Figures. — 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions FOR Simpson's Rules.— Me- 
chanical Principles. — Centre of 
Gravity.— Laws- of Motion.— Dis- 
placement, Centre of Buoyancy. — 
Centre of Gravity of Ship's Hull. 
— Stability Curves and Metacen- 
tres.— Sea and Shallow-water 
Waves.— Rolling of Ships.— Pro- 
pulsion and Resistance of Vessels. 
— Speed Trials. — Sailing, Centre 
OF Effort.— Distances down Rivers, 
Coast Lines. — Steering and Rud- 
ders OF Vessels. — Launching Cal- 
culations AND Velocities.— Weight 
OF Material and Gear.— Gun Par- 
ticulars AND Weight. — Standard 
Gauges.— Riveted Joints and Rivet- 
ing.— Strength AND Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc.— Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, ETC.— Conic Sections, 
Catenarian Curves. — Mechanical 
Powers, Work. — Board of Trade 
Regulations for Boilers and En- 
gines. — Board of Trade Regula- 
tions for Ships.— Lloyd's Rules 

" In these days of advanced knowledge a work like this is of the greatest valae. It contains a 
vast amount of information. We unliesitatingly say that it is the most valuable compilation fur its> 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this work."— MfM/i^ Magaxine. 

"ShouU be used by all who are engaged in the construction or designs of vessels. . . . "WUl 
be found to contain the most useful tables and formulx required by shipbuilders, carefuQy collected 
from the best authorities, and put together in a popular and simple (<xm."—£f$£i*tur. 

"The professional shipbuilder has now, m a convenient ana accessible fonn, reliable data lot 
sohring many of the numerous problems that present themselves in the course of ms work."~7rpfi. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool, izmo, 5s. cloth boards. 

" Well adapted to give the young steamship engineer or marine engine and boiler maker a 
general introduction into his practical work."— A/«rAafttf(a/ IVorld. 

" We feel sure that this thoroug:hly revised edition will continue to be as popular In the future 
as it has been in the past, as, for its sixe, it contains mor« usefinl infoimation than any similar 
txeatise."--/mfMr/H^x. 

Electric lAghting of Ships» 

ELECTRIC SHIP-LIGHTING, By J. W. Ukquhart, C.E. 
Crown 8vo, 7s, 6d. cloth. For full description, see p. 24. 

c 



Contents. 

FOR Boilers.— Lloyd's Weight of 
Chains. — Lloyd s Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests. — 
Seasoning Preserving Timber.— 
Measurement of Timber,— Alloys, 
Paints, Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power, Screw Propellers, etc.— 
Percentages for Butt Straps, etc, 
— Particulars of Yachts.- Masting 
AND Rigging Vessels.— Distances 
OF Foreign Ports. — Tonnage 
Tables.^ — Vocabulary of French 
AND English Terms. — English 
Weights and Measures. — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money. — 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences of ClRCLE8.r-TABLES OF 

Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers.— Tables 
OF HyperbolicLogarithms. — Tables 
of Natural Sines, Tangents, etc. — 
Tables of Logarithmic Sines, 
Tangents, etc. 
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JPocket^Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULJB FOR MARINE ENGINEERS. By Frank Proctor, A.I.N^. 
Third Edition. Royal 3amo, leather, gilt edges, with strap, 4s. 
" We recommend it to our readers as going fu to supply a loiuf-felt want."— A^ovc/ Sciena, 
*'K most useful companion to all marine engineers."— f/Wd^ Sirvict GwKiOt, 

Introduction to Marine Engineering, 

ELEMENTARY ENGINEERING : A Manual for Young M arm 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management ot 
Marine Engines and Bailers, Geometry, &c. iiz. With an Appendix of Useful 
Tables. By John Shbrrbn Brewer, Government Marine Sonreyor, Hong- 
kong. Second Edition, Revised. Small crown Svo, 2s. cloth. 

** Contains much vahzable information for the class for whom it is Intended, especially in the 
chapters on the management of boilers and eng nc&."— Nautical Magaxitu, 

*^ A ujeful introduction to the more elaborate text-books."— S<»^J»naw. 

" To a student who has the requisite desire and resolve to attain a thorough knowledge. Mr. 
Brewer offers decidedly useful \aA!f^"—At)ututHm, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor*s 
SsA-BooK, by Jambs Greenwood and W. H. Rossbr? together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R. Young, lllostrated. lamo, 75. 
strongly half-bound. 

Drawing for Marine Engineers. 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 

Adapted to the Requirements of the Board of Trade Examinations. Bv 

John Lockis, C.E. With za Plates, Drawn to Scale. Royal Svo, ^5. 6d. 

cloth. ^J^st published. 

" The student who learns from these drawings will have nothing to unleiira."—Efig'iM€er. 

" The examples chosen are esseotially practical, and are such as should prove of service to 

engineers generally, while admirably fulfiUm^ their specific purpose"— Afec^nicai fV»rid. 

Sailmaking. 

THE ART AND SCIENCE OF SAILMAKING. By Samuel 
B. Sadler, Practical Saiimaker, late in the employment of Messrs. Ra:sey 
and Lipthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, 125. td. cloih. [Just published. 

Summary of Contents. 
Chap. I. The Materials used and 



THEIR Relation to Sails. — II. On 
THE Centre of Effort.— III. On 
Measuring.— IV. On Drawing. — V. 
On the Number of Cloths required. 



—VI. On Allowances.— VII. Calcu- 
lation OF Gores.— VIII. On Cutting 
Out.— IX. On Roping.— X. On Dia- 
gonal-Cut Sails.— XI. Concluding 
Remarks. 



" Th*s work is very ably written, and is illustrated bv diagrams and carefully-woiked calcula- 
tions. The worlc should be in the hands of every saiimaker, whether employer or employed, as it 
cannot fail to assist them in the pursuit of their important a.voca,tums."—/s/e t}/^ fVtg-ki Heru/d. 

" This extremely practic J work gives a complete education in all the branches of the manu- 
facture, cutting out. roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book .iod guide." — Fortsmouth Times. 

" The au.hor of this work has rendered a distinct service to all interested in the art of sail- 
in^king. The subject of which he treats is a congenial one. Mr. Sadler is a practical saiimaker, 
and has devoted years of careful observation and study to the subject ; and the results of the 
exfierience thus gained he has set forth in the volume before \is."—^teaifuA^f, 

Chain Cables.. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutonr Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. Traill, F.E.R. N., 
M. Inst. C.B., Engineer Surveyor in Chief, Beard of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £a as. dotti. 
bevellei boards. 

" It contains a vast amount of valuable Informatloii. Nothing seems to be wantliiK to sake it 
a complete and standard work of reference on the subject."— WisK/soi/ MagoMine, 
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MINING AND METAL LURGY, 

Metalliferous Mining in the United Kingdom* 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of 
*' Ure's dictionary of Arts, Manufactures, and Mines," &c. Upwards of 950 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vo, 
£2 25. cloth. 

" One of the most raluabls works of reference of modem times. Mr. Hant, as keeper of mbiing 
c.»cords of the United Kinsfdom, has had opportunities for such a task not enjoyed by anyone else^ 
aad has evidently made the most of them. . . . The language and style adopted are good, and 
the treatment ofthe various subjects laborious, conscientious, and %cienu&c."—£n£imenn;f: 

"The book is, in fact, a treasure-house of statistical information on minine subjects, and we 
Icnow of no other work embodying so great a mass of matter of this kind. Were this the only 
merit of Mr. Hunts volume, it would be sufficient to render it indispensable in the hbrary of 
everyone interest«d in the develop oient of the mining and metallurgical industries of this country." 
— Aihencenm. 

" A mass of inrormatio.-} not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral xndyxstnss"— Engineer, 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davibs, F.G.S., Mining Engineer, &c.. Author of " A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Henry Davies, M.E., F.G.S. With aboai 
150 Illustrations. Crown 8vo, X25. 6d, cloth. \Just published. 

" Neither the practical miner nor the general reader interested in mines can have a better t>of -k 

for his companion and his guide."— ^invu^ youmaL [Mining ff^or/d. 

" We are doing our readers a service m calling their attention to this valuable work. "— 
" A book that will not only be useful to the geologist, the practical miner, and the metallurgist 

}j jt also very interesting to the general public."— /ro«. 

" As a history of the present state of mining throughoat the world this book has a real value, 

B ad it supplies an actual want."— ><M«m«mm. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY iS^ OTHER MINERALS AND 
MINING. By D. C. Davibs, F.G.S. . Author of " Metalliferous Minerals," 
&c. Third Edition. Revised and Enlarge 1, by his Son, E. Henry Davies, 
M.E., F.G.S. With about xoo Illust.«. Cr. 8vo. 12s. td. cl. [Just published, 
" We do not remember to have met with any English work on mining matters tiiatcontaina 

tbe same amount of Information packed in equally convenient torva."-^AcMUmy. 

" We should be inclined to rank it as among the very best of the handy technical aad radet 

sianuals which have recently appeared."— JffriMf A Quarterly Rez/iew, 

Mining Machinery. 

MACHINERY FOR METALLIFEROUS MINES, including 
Motive Power, Haulage, Transport,;and Electricity as applied to Mining. 
By E. Henry Davies, M.E., F.G.S., &c. &o. [/» prepaiat.on. 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct*Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number olthe best known Engines, their General Utility ard 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MiCHELL. 8vo, 155. cloth. 
" Will be highly esteemed by coOiery owners and lessees, mining engineen, and Jstudents 

gen 3rally who require to be acquainted with the best means of securing the orainage of mines. It 

IS 1 most valuable work, and stands almost alone in the literature of steam pompiiig machinery.'*— 

Colliery Guardian. 

" Much valuable information is given, so that the book Is thoroughly worthy of an eztonsiTe 

irculation amongst practical men aad purchasois of machinery."— Af<»t>v journal. 

Mining Tools. 

A MANUAL OF MINING TOOLS. "For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, zamo, 2S. 6d, cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 

ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 

" Students in the science of mining, and overmen, captains^ managers and vierwers may gala 
DTactical knowledge and useful hints by the study of Mr. Morgans' muiuaL*— Colliery Guardian. 

"A valuable work, which will tind mateiiMly to bnprove our mining tttoratuva."— Jf6(*v 
youmal. 
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JProspecting for Qold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Trayeller in Search of Metal- Bearing or other Valuable Minerals. 
By J. W. Anderson. M.A. (Camb.). F.R.G.S.* Author of "Fiji and New 
Caledonia." Fifth Editiooi thoroughly Revised and Enlarged. Small 
crown 8vo, 3s. 6d. cloth. 

"Will supply a much felt want etpedally mmoag Colonists. In whoM waj are so often thrown 
many mincraiogical specimens the Taiue of which it is difficult to determine. —^Njcni'»err. 

"'How to find commercial mineials. and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to pack as much practical 
detail mto his pages as would supply ma terial for a book three times its sat,"^Jiii*$4ti£ yettma/.. 

Mining Notes and Formulm. 

NOTES AND FORMULJE FOR MINING STUDENTS. By 

tOHN Herman Merit alb, M.A., Certificated Colliery Manager. Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged." Small crown 8vo, 35. 6d, cloth. 
" Inraluable to anyone who Is working up for an examination on mining subjects."— /rvn and 
Ccai Trade* Revitw. 

" The author has done his woilc fai an exceedingly creditable manner, and has produced a book 
that will be of serrice to students, and those who are practically engaged in mining operations."— 
Ent^neer. 

" A rast amount of technical matter of the utmost value to mining engineers, and of cooaidtu^ 
able interest to ttn6iBatM."-^ScMcoimasUr. 

Miners' and Metallurgists' Pocket-Book, 

A POCKET-BOOK FOR MINERS AND METALLURGISTS, 
Comprising Rules, Formulae, Tables, and Notes, for Use in Field and Office 
Work. By F. Danvers Power, F.G.S., M.£. Fcap. 8vo, 9s. leather, giU 
edges. 2Ji*st published. 

" The book seems to contain an immense amount of useful information in a small space, and no 
doubt will prove to be a valuable and handy book for mining engineers."— C.Le Neve FOSTER, Esq. 

" Miners and metallutgists will find m this work a useful vade'tne um containing a mass of 
niles, formulae, tables, andvarious other information, the necessity for reference to which occurs in 
their daily duties."— /fv». 

" A marvellous compendium which every miner who desires to do work rapidly and well should 
hasten to buy."— Redruth Times. 

"Mr. Power has succeeded in producing a pocket-book which certainly deserves to become 
the engmeer's vade-mecum."— MechanicallVorUi. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua^ 
Hon of Mining ProperiieSt with New Traverse Tables. By Wm. Lintern, 
Mining and Civil Enjgineer. Third Edition, with an Appendix on " Magnetic 
and Angular Surveying,*' with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, &c. ismo, 45. cloth. 
" Mr. Lintem's book forms a vafaaable and thoroughly trustworthy guide."— /fvw and Coai 

Trades Review. 

" This new edition must be of the highest vahie to collieiy surreyon, proprietois, and mans* 

gers."— CW/iiery Guardian, 

Asbestos and its Uses. 

ASBESTOS: Its Properties, Occurrence^ and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H.Jones. With 
Eight Collotype Plates and other Illustrations. Crown Svo, X2S. 6^. cloth. 

" An interesting and invaluable work."— C«//hfrv Guardian, 

" A valuable addition to the architect^ and engineer's Iit>rary."— ^Mt&f/^^ Nezvs. 

Explosives* 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine, and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," " The Metal- 
lurgy of Silver," &c. With about 100 Illusts. Crown Svo, 10s. 6d. cloth. 

** Useful not only to the miner, but also to officers of both services to whom blasting an^ the 
use of explosives generaHy may at any time become a necessary auxiliary."— iVaA«nr. 

" A veritable mine of mformation on the subject of explosives employed for military, mining, 
and blasting purposes."— ^rm> and Navy Gatette. 

" The book is clearly written. Taken as a whole, we consider it an excellent little book and 
one that should be found of great service to miners and others who are engaged in work requiring 
the use of explosives."— .^/A^iurwm. 
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Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
faensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pambly, Mining 
Engineer and Surveyor; Member of the North of Enfl;land Institute of 
Minine and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 500 Plans, Diagrams, and other 
Illustrations. Medium 8vo, about 600 pages. Price £1 5s. strongly bound. 

Summary of Contents. 

THE Friction of Air in Mines.— 
Surveying and Planning. — Safety 
Lamps and Fire-Damp Detectors. — 
sutidry and incidental operations 
AND Appliances. — Miscellaneous 
Questions and Answers. 

Appeidix: Summary of Report of 
H.M. Commissioners on Accidents 
in Mines. 



Geology. — Search for Coal.— 
Shaft Sinking. — Fitting Up the 
Shaft and Surface Arrangements. 
— Steam Boilers and their Fit- 
tings. — Timbering and Walling. — 
Narrow Work and Methods of 
Working. — Underground Convey- 
ance. — Drainage. — The Gases met 
with in Mines; Ventilation. — On 

♦** Opinions of the Press. 
" Mr. Family has not only given us a comprehensive reference book of a very high orde', 
suitable to the requirements of miningf engineers and colliery managers, but at the s -me tims has 
provided mining students with a class-book th it is as interesting as it is instructive."— CW/i^ry 

" Mr. Pamely's work is eminently suited to the purpose for which it is intended— being clear, 
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the very latest 
Diactiines m every department. . . . A mining engineer could scarcely go wrong who followed 
this work.."— CoUitry ouardian. 

" This is the most complete ' all round ' work on coal-minlng published in the English 
language. . . ^ No library of coal-mining books is complete without it." — Colliery Eng-ineer 
(Scranton, Pa., U.S.A.). 

"Mr. Pamely's work is in all respects worthy of our admirition. No person in any responsible 
position connected with mines should be without a copy." —Ifestminster Review. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History ot 
Che Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £i 8s. cloth. 
*' The book is one which most find a place on the shelves of all interested In coal and iroo 

pioduction, and in the iron, steel, and other metallurgical iadustxits."— Engineer, 

" Of this book we may unreservedly say that it is the t>est of its class which we liave ever met. 

... A book of reference which no one engaged in the iron or coal trades shotUd omit from hii 

library."— /fv» and Coal Trades Review, 

Coal Mining. 

COAL AND COAL MINING: A Rudinuntary Treatise on. By 
the late Sir Warington W. Smyth. M.A., F.R.S., &c.. Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. X2mo, 4s. cloth boards. 
" As an oatline is given of every known coal-field in this and other countries, as well as of the 

principal methods of worldng; tiie bocik will doubtless interest a Tery large number of readers."— 

iiiHing yourmU, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, vfith and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. lUust. izmo, 3s. cloth boards. 

Oranite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown Svo, 25. 6d. cloth. 

" A clearly and wdl-written manual for persons engaged or Interested In the granite industry." 
•^^cotsman, 

- An interesting work, which wiU be deservedly esteemed." — Colliery Guardian. 
" An exceediniply interesting and valuable monograph on a subject which has hitherto received 
unaccountably Uttle attention in the shape of systematic literary XMtaxmtXLt."— Scottish Lead^. 



22 



CROSBY LOCKWOOD 6* SON*S CATALOGUE. 



OoM, Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on tte 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes ot 
Concentration and Chlorination, and the Assaying. Melting* and Refining of 
Gold. By M. Eisslbr, Mining Engineer and Metallurgical Chemist, forme rly 
Assistant Assayer of the U.S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8yo, xas. 6d, cloth. 

" This book diorou^hly desenres its title of a * Practical Treatise.' The whole process of f oI() 
nillins; from the breaking of the quartz to the assay of the bullion, is described in clear aod 
ordernr narratiTe and with much, but not too much, ftifneas of detaU."— Sa/wrd&cj' Revuw. 

" The work is a storehouse of information and valuable data, and we strongly recommend it to 
an professional men engaged in the gold-mining industry."— J/tni>^ yourMo/, 

Silver, Metallurgy of. 

THE METALLURGY OP SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Liziviation of Silver Ores. Including the 
Assaying, Melting and Refining, of Silver Bullion. By M. Eisslbr, Author 
of "The Metallurgy of Gold,** &c. Second Edition, Enlarged. With 150 
Illustrations. Crown 8vo, los. 6d, cloth. 

' * A practical treatise^ and a technical wofk which we are onnvlnced wiB sopply a long-fielt want 
amongst practical men, and at the same time bn of Talue to students and others mduectly connected 
with Uie mdttstries."— ^tnm^ youmal. 

" From first tolast the book is thoroughly sound and reliable. "—C^/lfAr^ Guardiam, 
" For chemists, practical miners, assaycrs, and inTcrtora alike, we do not know of any work 
on the subject so handy and yet so comprehensive."— ITZsitrw HtraUL, 

Ijeadj Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting oi Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and 
America. By M. Eisslbr. M.E., Author of "The Metallurgy of Gold," &c. 
Crown 8vo, 400 pp., with xoj Illustrations, 13s. 6d. cloth. 

" This is a very good hook."— Colliefy Guardian. 

" The numerous mctaUurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue 
from the refinery as an article of commetc^"—Pructirai Engineer. 

" The prrsent volume fully maintains the reputation of the author. Those who wish to obtain 
a thorough insight into the present state of this industnr cannot do better than read this voium«'> 
and all mming engineers cannot fail to find many useful hints and suggestions in it." — Industrifs. 

" It is most carefully written and illustrated with capital drawings and diagtaras. In fact, it is 
the work of an expert for experts, by whom it will be prized as an indispensable text-book." — 
Bristol Mercury. 

Iron, Metallurgy of. 

METALLURGY OF IRON. Containing History of Iron Mami- 
facture, Methods of Acsay, and Analyses cf Iron Ores, Processes of Manu- 
facture of Iron and Steel, *c. By H. Bauerman, F.G.S. A.R.S.M. With 
numerous Illustrations. Sixth Edition, Revised and Enlarged, ismo, 
5s. 6d, cloth. 

" Carefully written, it has the merit of brevity and conciseness, as to less important points; 
while all material matters are very fully and thoroughly entered into. '—Standard. 

Iron Mining, 

THE IRON ORES OF GREAT BRITAIN AND IRELAND : 
Their Mode of Occurrence, Ag», and Origin, and the Methods of Searching 
for and Working them, with n Not-ce of some of the Iron Ores of Spain. 
By J. D. Kendall, F.G.S., M.E. Crown 8vo, with Illusts., i6s. cloth. 

[Nearly ready. 
Summary of Coktents. 



Th-5 Early Working of Iron Ore. 
—The Haematite Deposits of West 
Cumberland and Furness. — The 
Iron Ores of Cornwall, Devon, 
and West Somerset. — The Limon- 
ite of the Forest of Dean and 
South Wales.— The Siderite and 
Limonite of Alston and Weardalb. 
The Argillaceous Ironstones of 
the Carboniferous Rocks. — The 



Iron Ores of the Secondary Rocks. 
— The Iron Ores of Antrim. — Some; 
OF THE Iron Ores of Spain.— The 
Age and Origin of Iron Ore De- 
posits. — Searching for and Work- 
ing Iron Ores. — Working Costs and 
Selling Prices.— Rents, Roy alties» 
Way-leaves. &c. — Epitomes oy 
Leases, &c. &c. 
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ELECTRICITY, ELECTRICAL ENGINEERING, etc. 

Eiectrieal Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULA, TABLES. AND DATA, By H. R. 
Kempb, M.Inst.E.E., A.M.Inst.C.E., TecbDical Officer, Postal Telegraphs, 
Author of "A Handbook of Electrical Testing/' &c. Second Edition, 
thoroughly Revised, with Additions. With numerous Illustrations. Royal 
32mo, oblong, 55. leather. [J^*sf published. 

" There is very uttle in the shape of fonnalx or data which the electrician is likely to want 

in a huiry which cannot be found in its paj^es." — Practical Engineer. 

'*A rery useful boolc of reference for daily use in practical electrical engineering and its 

rarious applications to the industries of the present day."— /row. 
** It is the best book of its kiaA."—Elecirirai Engineer. 
"Well arranged and compact. The * Electrical Engineer's Focket-Book ' is a good one." — 

Electrician. • *~ 

" Strongly recommended to those engaged in the various electrical industries."— f/er/rura/ 

Xeview. 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations. Crown 8vo, 55. cloth. 
" This volume deals with what may be termed the mechanics of electric lighting, and b 

addressed to men who are already engaged in the work or are training for it. The work traverses 

a gre4t deal of ground, and may Se read as a sequel to the same author's useful work on ' Electric 

Light.' "—EUctrician, 

" This is an attempt to state In the simplest lan^age the precautions which should be adopted 

in installing the electric light, and to give information, for the guidance of those who have to run 

the plant when installed. The book' is well worth the perusal of the workmen for whom it is 

wiittita."— Electrical Review. 

" We have read this book with a good deal of pleasure. We believe that the book will be of 

use to practical workmen, wbo will not be alarmed by finding mathematical formula which they 

are unaole to xmdeKtax^"— Electrical Plant. 

" Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 

an electric light piant,"— Electrical Engineer. 

" AltOtfpether Mr. Urquhart has succeeded in producing a really capital booV, which we have 

no hesitation in recommending to the notice of working electricians and electrical engu-.eeis.' — 

Mechanical IVorld, 

Electric LighU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries. 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author ot 
"Electric Light Fitting,*' " Elertrop'ating," &c. Fifth Edition, carefully 
Revised, with Large Additions and 145 Illustrations. Crown 8vo, 7s. 6J. clotb. 

[Jvit published. 

" The whole ground of electric lighting is more or less covered and explained in a very clear 

and concise taaxtaiet."— Electrical Review. 



" Contains a good deal of very interest'nj; information, espec'ally in the parts where the 
lior s^ves dimensions and i»orking cosi&."— Electrical Engineer, 
" A miniature vade-mecum of tne salient facts connected with the science of electric light* 



ing."— Electrician. 

"You cannot for your purpose have a better book than 'Electric Light,' by Urquhart."— 
Engineer. 

" The book Is by far tbe best that we have yet met with on the suhiect."— A thenaum. 

Construction of Dynamos* 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians-in-Charge, Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of "Electric 
Light," " Electric Light Fitting," &c. With upwards of 100 Illustrations, 
Crown 8vo, 7s. 6d. cloth. [7«s* published. 

"Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engineering student can understand them. The book is very readable, and the author leads his 

readers up to difficult subiects by reasonably simple xesXs."— Engineering Review. 

" The author deals with his subject in a style so popular as to make his volume a handbook of 

great practical value to engineer contractors and electricians in charge of lighting installations."— 

Scfftsntatt. 

'"Dynamo Construction' more than sustains the high character of the author's previous 

publications. It is sure to be widely read by the large and rapidly increasing number of practical 

electricians." — Glasgow Herald. 

" A book for which a demand has long existed."— Afeckantcal Jf arid 
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Electric Lighting of Ships. 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. For the Use of Shipowners 
and Builders, Marine Electricians, and Sea-§;oin^ Engineers in Charge. By 
J. W. Urquhart, C.E., Author of *' Electric Light," &c. "With numerous 
Illustrations. Crown 8 vo, 7s 6i. cloth. [Just published. 

" The subject of ship electric lighting is one of vast importance in these days, and Mr Urqu- 
hart is to be highly complimented wi placing such a valuable work at the service of the practical 
marine electrician." — TAe Sfeamshif. 

" Distinctly a book which of its kind stands almost alone, and for which th«;re should be a 
demand."— i:^c/rta>/ Revirto. 

Mlectrie lAghting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING. By Alam a. Campbell Swinton, Associate I.E.B. Second Edition, 
Enlarged and Revised. With 16 Illustrations. Crown 8vo, is. 6d. cloth. 
"Anyone who desires « short and thoroughly clear expoddon of the dnnentary priodpUis of 
•lectric-U^hting cawiot do better thaa read this little woxk.''—£rm(fi>rd Obstrvtr, 

l>ynamic Electricity. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M.. Ph.D., Author of " Elemen s 
of Stiti: Electricity," "The Elemtnts of Electric Lighting," &c. &c. Crown 
8vo, 417 pp., with 120 Illustrations, los. 6d. cloth. 

Dynamo Construction. 

HO W TO MAKE A D YNA MO : A Practical Treatise for A mateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Fourth Edition, Revised and Enlarged. Crown 8vo, 25. cloth. [Just published. 

"The instructions given m this unpretentious little book are sufficiently dear and explicit to 
enable any amateur mechanic possessed of average skill and the usual tools to be found in an 
amateur's workshop, to build a practical dynamo vaAchiae."—£i€ctriciaH. 

Text Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Hbnrt M. Noad, Ph.D., F.R.S. New Edition, carefully Revised With 
Introduction and Additional Chapters, by W. H. Prkbcb, M.I.C.E., Vice- 
President of Society of Telegraph Engineers, &c. With 470 Illustrations. 
Crown 8vo, 12s. 6d. cloth. 

" We can recommend Dr. Noad's boo'c for clear stj^ sfreat range of subject, a good index, 
and a plethora of woodcuts. Such collections as tne present are indispensable. —yfM^(<trM»v. 
*' An admirable text-book for every student — begumer or advanced — of e]ectrictty."<« 

Electricity. 

A MANUAL OP ELECTRICITY : Including Galvanism, Mag;- 
netism, Dia-Magnetism, Electro-Dynamics, Magno-Electricity, and the Electric 
Telegraph. By Henrt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. cloth. 

♦»* Thit is the original work of Dr. Noad (published in 1859) ubon which the 
Student's Text-Book {see above) may be said to be founded. Very few copies 
of tt are left. 

A New Dictionary of Electricity, 

THE STANDARD ELECTRICAL DICTIONARY. A Popu- 
lar Dict'onary of Words and Terms Used in the Practice of Electric Engi- 
neering. By T. O'Connor Sloane, A.M., Ph.D., Auth ir of "The Arithmetic 
of Electricity," &3. Cr. 8vo, 6jo pp., 350 Illusts., 12s. 6<i. cl. [Just published. 

Note. — The purpose of this work is to t resent the public with a concise and 
practical book of reference. . . , Each title or subject is defined once in the text^ 
and where a title ts synonymous with one or more others the definition is given 
under one title, and the others appear at the foot of the article as synonyms. The 
work comprises upwards of 3,000 definitions, and will be found indispensable by all 
who are interested in electrical science and dedre to keep abreast with the progress 
of the times. 

An encyclopaedia of electrical science in the compass of a dictionary. The information 

given -s so-nd and clear. The book is well printed, well illastr-.te 1, and well up to date, and may 
e confidently recommended."— ^««Vrf«'r. 
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Sir Wm. Chambers's Treatise on Civil Architecture^ 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambsrs, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt. F.S.A. Revised 
and Edited by ^W. H. Lebds, with a Memoir of the Author. 66 Plates, 4to, 
2X5. cloth. 

Mechanics for Architects. 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. By E. W. 
Tarn, M.A., Author of "The Science of Building," &c. Illustrated with 
125 Diagrams. Crown 8vo, 75. 6 J. cloth. {Just published. 

Summary of Contents. 

Arches. — IX. Domes, Spires. — X. 
Buttresses, Shoring, Retaining 



Walls, Foundations. — XI. Effect 
OF Wind on Buildings. — XII. Mis- 
cellaneous Examples and Solu- 



Chap. I. Forces in Equilibrium. — 
II. Moments of Forces.— III. Centre 
OF Gravity. — IV. Resistance of Ma- 
terials TO Stress — V. Deflection 
OF Beams. — ^VI. Strength of Pil- 
<.ARs. — VII. Roofs, Trusses. — VIII. < tions. 

ViUa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England," &c. 61 Plates, 4to, £1 iis, 6<<. half-morocco, 
gilt edges. 

** The whole of the designs bear evidence of their beinff the work of an artistic arcUtect; and 
they wiJI prove very Taloable and sugKestive."— J^Mi/df^n^ Newt* 

Text-Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Booh of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of "Specifi- 
cations for Practical Architecture," &c. Second Edition, Revised and 
Enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. 
"As a text-book of usefUl information for architects, engineers, sjrveyors, &c., it would be 
bard to find a handier or more complete little volume." — Standard, 

Taylor and Cresy^s Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly Revised by the liev. Albzandbr Taylor, M.A. (son of 
the late G. L. Taylort Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, £3 35. half-bound. 
" Tasrior and Cresy's work has from its hrst publication been ranked among those professional 
books wliich cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most palnstaldng students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this Tolume."— ^nAtec^ 

Linear Perspective. 

ARCHITECTURAL PERSPECTIVE: The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demy 
8vo, 3S. 6d. boards. ^Just published. 

" In a series of graphic illustrations of the actual processes the author shows the practical part of 
the art. It is all so easy and so clear that a child could follow him, and generations of students yet 
unborn will bless the name of Ferguson. . . . It is the most intelligtble of the treatises on this 
ill treated subject that I have met with."— E. INGRESS BELL, Esq., in the RJ.B.A. youmal. 

ArchitecturcU Uratiring. 

PRACTICAL RULES ON DRAWING, for the Operative Builder 
and Young Student in Architecture. By Gborgb Pymb. With 14 Plates, 4to, 
vs. 6i. boards. 

Vitruvius* Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO. 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
he Translator. With 23 PUtes. Fcap. 8vo, 5s. cloth. 
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The New BuUder's rrice Book, 1893. 

LOCKWOOD' S BUILDER*S PRICE BOOK FOR 1893. A 
Compretaeoaive Handbocdc of the Latest Prices and Data for Buyers, 
Architects, En^eers, and Contractors. Re-comstrmcted, Re-wntten^ and 
Greatly Enlarged, By Fsamcxs T. W. IfxzxBS. 6|o doaely-printed paces, 
crown Biro, 4s. doCb. 

\* OmnoMS OF the Pkess. 

** This book b a vaiy nwAd ons, aad dMmid find a ptace m ereiy Ea^Bsh oOoe co np e ct ed with 
the tmtldiiisr and eagkuoenog pnltmona.''—/ndusiries. 

"This Piice Book has been set up in new type. . . . Adrantace has been taken of the 
transformation to add nmch additional nibsmatkn, and tiie vohune is now an erccMent book of 
fCfiBvence. " — Architect. 

" In its new and reriied form tUs Price Book is what a work of this kted dHwld be— comp^»> 
hensiTe. reliaUe. weO ananevd, lesfbie. and well bonnd.' — ^rxiSuA ArchittcU. 

** A work of estabfisbea rqnitatioa.''— ><iA^M4rxm. 

I>e8igning, Meaeuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK, Containing Directions for 
takint; Dimensions^ Abstracting the same, and bringing the Qoantities into 
Bill, with Tables of Constants for Valuation of Laboor, and for the Calcnla- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions on Mensoration and Constraccion, and a New Chapter on 
Dilapidations, RepairSi and Contract?, by B. Wtndram Tarn. M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuu. Crown 8vo, 7s. 6d, cloth. 

** Wen fulfib the promise of its title-pan, and we can thoraogfaly t e c oB un end it to the dass 
for whose use it has been compiled. Mr. Tarn's ad<Utions and revisions have much increased thn 
■seAilness of tiie worlc, and haire eyeciaHy augmented its valne to students."— £>tf«Merr6i^. 

" This edition will be found the most complete treatise on the princq>les 01 measuimif and 
vahiinff artificers' work that has yet been published."— -jgKitfjyy News, 

JPocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts cf a Building collectively. By A. C. Beaton, Author of 
" Quantities and Measurements.** Sixth Edition. With 53iWoodcuts. Waist- 
coat-pocket size, IS. 6d, gilt edges. 

" No builder, architect, surreyor, or valuer should he without Us ' Beaton.' "—Buildififliews, 
"Contains an eztraorcUnary amount of information in daily requisition in measuring and 
estimating. Its presence in the pocket will save valuable time and txooxAt.''— Building IVortd. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing np 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition. In 
One large Vol., Svo, with upwards of z.ooo pages of Text, and 33 Plates, 
£t tis.Sd. cloth. 



tlons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodies, to a great extend as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' . . . It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaklson's * Handbook of Specifications " 



Bartholomew and Mogers^ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfrsd Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised, witn 
Additions. With numerous Illustrations. Medium Svo, 15s. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 
b too well known to need any recommendation from us. It is one of the books with which every 
young architect must be equipped ; for time has shown that the specifications cannot be set aside 
through any defect in them."-<>^rcM(i«r. 
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Construction* . 

THE SCIENCE OP BUILDING : An Elementary Treatise <m 
the Principlet of Construction. By B. Wyndham Tarn, M.A., Architect. 
Third Edition, Revised and Enlarged. With 59 Engravings. Fcap. 8vo, 45. cl. 

" A very rahiable book, which we strongly reconunend to an students."— f »«/(<:«*'. 
"No architttctural student should b« without tliis handbook of constructional knowledge.'* 

ArcMUct. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
Jambs D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Millbr^ 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised. Crown 
8vo, 3$. 6d, cloth. 

" In two years it will repay Its cost a hnndrad tbnm tfn».*'^Fietd, 
" A very handy hook."^jBnjritsh Mechanic. 

Cottages and Villas* 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introduction! 
General Explanations, and Description of each Plate. By James W. Bogus, 
Architect, Author of " Domestic Architecture," &c. 410, los. 6d. cloth. 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical including 

Church Restoration ; with the Theory of Domes and the Great Pyramid, Ac. 

By Sir Edmund Beckett, Bart., LL.D.) F.R.A.S.. Author of "Clocks and 

Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth. 

"A book which is always amusing and nearly always faistnicthre. The style throughout is va 
the highest degree condensed and epigranunatic."— TVm^x. 

Ventilation of Buildings. 

VENTILATION, A Text Booh to the Practice of the Art of 
Ventilating Buildines. With a Chapter upon Air Testing. By W. P. Buchan, 
R.P., Sanitary and Ventilating Engineer, Author of " Plumbing," &c. With 
170 Illustrations. z2mo, 45. cloth boards. 

'* Contains^a great amount of useful practical information, as thoroughly interesting as it is 
teclnucally reliable, and ' Ventilation ' forms a worthy companion volume to the author's excellent 
treatise on • Plumbing.' "—British Architect. 

" It is invaluable alike for the architect and builder, and should be in the hands of everyone 
who has to deal in any way with the subject of ventilation."— iW<f/r«?^<>/iVa«. 

The Art of Plunthing. 

PLUMBING, A Text Book to the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on House Drainage, embodying the 
latest Improvements. By William Paton Buchan, R.P., Sanitary Engineer 
and Practical Plumber. Sixth Edition, Enlarged to 370 pages, and 380 
Illustrations, ismo, 4s. cloth boards. 

' "A text-book which may be safely put in the hands of every young plumber, and which will 
also be found useful by architects and medical professors."— £Ht'/Ssr<fr. 

" A valuable text-book, and the only treatise which can be regarded as a really reliable manual 
of the plumber's Art.'— Buildin£^ Newt, 

Geometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic, Giving Rules for the Delineation and Application of various 
r Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," &c. Second Edition. With 172 Illus- 
trations. Demy Svo, 9s. cloth. 

" No book with the same objects in view has evef been published In which the clearness of th« 
rules laid down and the illustrative diagrams have been so SAtisbictory."— Scotsman, 

The Science of Geometry. 

THE GEOMETRY OP COMPASSES; or, Problems Resolved 

by the mere Description of Circles, and the use of Coloured Diagrams and 

Symbols, By Oliver Byrnb. Coloured Plates. Crown Svo, 35. 6d. cloth. 

" The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the science 
of geometry— ^or the lucid character of its teaching."— ^Mi/tfi>^ Aewj, 
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OABP ENTRY, TIMBER , etc. 
Tredgold^B Carpentry^ Revised ^ Enlarged hy Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Eqailibrium of Timber FramincL the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Unitins Iron and Stone with Timber, ftc. To which is added an Essay 
on the Nature and Properties ol Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, Uie Specific Gravities of Materials, &c. By Thomas 
Trbdoold, C.E« with an Appendix of Specimens of Various Roon of Iron 
and Stone, lUusttated. Seventh Edition, tnoroughly revised and considerably 
enlarged by B. Wyndram Tarn, M.A., Author ot "The Science of Build- 
ing," kc. With 6x Plates, Portrait of the Author, and several Woodcuto. In 
One large Vol., 4to, price £i 5s. cloth. 
** Oufi^t to be in every architect's and erery bunder's Vbinxy.''-'BuiUer, 



" A work whose monumental excellence must commend it wherever skilful carpe&trjr b coa< 

nciples are rather confirmed than Impaired by time. TIm 
ptetes are of great intrinsic vauie."— ^wiAif^^v Nom, 



eeraed. The author's principles are rather confirmed than Impaited by time. The additional 



Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powxs Balk, 
A.M.lnst.C.E., M.I.M.E. Large crown 8vo, 12s. 6d, cloth. 

" Mr. Bale is evidently an expert on the subject and he has collected so mnch Informattoa that 
Us book is all-sufficient for builders and others engaged in the conversion of timber."—^ fxAiitticr. 



The most comprehensive compendium of wood-working machineiy we have seen. The 
author is a thorough master of his subiect."—BuiidiM£ JVrws. 

" It should be in the office of every wood- working factory."— £^^/tf A Mechanic. 

Saw Mills, 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Wood work- 
ing Machinery.") By M. Powis Balb, With numerous lUustrations. Crown 
8vo, xos. 6d, cloth. 

" The admtnistraticH of a larRfe sawing establishment Is discussed, and tiie subfect examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw-mills and. the 
like are gone into in detail, and the course of the timber is traced from its reception to its delivery 
in its converted state. We could not desire a more complete or practical treatise."— ff»(/<<Ser. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en- 
gaged in the art of wood conversion, or who are about building or remodelling sawHnlUs on im- 
proved principles. "—^MiWfrf News. 

Nicholson's Carpentry, 

THE CA RPENTER 'SNEWG UIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acouiring 
knowledge of Carpentry. Founded on tne late Petbr Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitbl, F.S.A. Together 
with Practical Roles on Drawing, by Gborgb Pyhb. With 74 Platesi 
4to, £1 IS. cloth. 

SandraUing and Stairhuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods tor Finding the Pitch of the Plank^ Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreatb. By Gborgb 
CoLLiNos. Second Edition, Revised and Enlarged, to which is added A 
Trbatisb on Stairbuilding. With Plates and Diagrams, ismo, as. 64. 
cloth limp. 

" Will be found of practical utOity In the execution of this difficult branch of ]o\atry."— Builder. 
'* Almost every difficult phase of'^this somewhat intricate branch of joinery is duodated by the 
aid of plates and explanatory letterpress."— /^wrwiXwrr GaJUOe, 

Circular M^orh 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Collimgs, Author of " A Practical Treatise on Handrailing.*' Illus- 
trated with numerous Diagrams. Second Edition, xamo, zs. 6d, cloth limp. 
" An excellent example of what a book of this kind should be. Cheap iix price, clear in defini- 
tion and practical in the examples selected. "—^»//(/.fr. 
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Timber Merchant's Companion, 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PA NION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousazfi 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of so Feet; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
oi 50 Feet ; the readiest moae of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. ftc. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo. 3*. cl. 

" Everything is as concise and clear as it can possibly be made. There can be no doubt that 
every timber merchant and builder ought to possess it.^^HuU Advertiser. 

" We are glad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired."— TVmfer Trades journal, 

Br€ictical Timber Merchant* 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Survejjrors, Builders, &c., comprising 
useful Tables for all purposes cojinected with the Timber Trade, Marks oi 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber» 
&c. By W. Richardson. Fcap. 8vo, 35. 6d. cloth. 
" This haindy manual contains much valuable information for the use of timber merchants* 

builders, foresters, and all others connected with the growth, sateb and manufiictiupe of timber."— 

journal qf Forestry* 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comwising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on "Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. x2mo. 35. 6d, cl. boardsw 
"A very useful manual of rules, tables, and memoranda relating to the timber trade. We r» 

commend it-as a compendium of calculation to all timber measurers and merchants, and as supplv« 

big a real want in the txad9,"—BuiUii*v News, 

I^acking-Case Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing>Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 64. cl» 
" Invaluable labour-saving tables."— /roMm^nfvn 
"Will save much labour and calculation."— (^rvccr. 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL ME A. 

SUREMENT. Tables calculated from x to «)0 inches in length, by z to 108 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants, Builders^ &c. By James Hawkinqs. Fourth Edition. Fcap.> 

3s. 64. doth. 

" A useful collection of tables to fiidlitate rapid calculation of surfkces. The exact area of any 
surface of which the limits have been ascertained can be instantly determined. The book will be 
found of tile greatest utility to all engaged in building operations." — SeotstHan, 

" These tables will be found of great assistance to all who require to make calculations in supers 
ficial measurement."— Jfiv/*^A Mechanic, 

Forestry. 

THE ELEMENTS OP FORESTRY. Designed to afford In. 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, zos. cloth. 

Timber Importer's Guide. 

' THE TIMBER IMPORTER*S,TIMBER MERCHANTS, AND 
BUILDER'S STANDARD GUIDE, By Richard B. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Net L^aed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, as. cloth limp. 
" Everything it pretends to be : built up gradually, it leads one from a forest to a tnenal^ and 

throws in. as a makeweight, a host of material concerning bricks, columns, dstenisb 8cc''—£fi£-UsA 

Michantc. 
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DECORATIVS ABTS, ete. 

Woods and Marbles (Imitation of), 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taughl and Pmcliscd by A. R. Vm dii Bdbo ind P. 
Vah DIB Buna, Directors of Ibe Kotlerdaio Paialiag laslituliou. Royal folio, 
iSi b; ii( in,, lllustiiled with 14 fuli-slie Coloured PUtei; also 11 plain 
Fl*IM,compruiiigij4 Figures. Second and Cheaper Edition, Piiufi iii.W. 



Bouse Decoration, 

ELEMENTARY DECORATION. A Guide to the Sftapler 

Forma of Everyday Art, as applied lo Iba Interior and Eiler— " ■■— -• 



TION : A Guide to the Ait of Omsmental PaintiuK, (ba Arrangeniant of 
Colours in Apartmenis, and tbe principles of DacoraSoB DesiRn. By Jambs 
W. Facet. With □umeraus lilastraUons. In One Vol., ji. aUongly balf- 

House Painting, Graining, etc, 

HOUSE PAINTING. GRAINING, MARBLING, AND SIGtT 
irs/T-fNG, A Practical Manual of. By Ellis A.Datidsoh. Sixth Ediilon. 
With Coloured Plates and Wood Engravings, iimo, Si. clolh boards. 



Moyr Smith on Interior Decoration. 

ORNAMENTAL, INTERIORS, ANCIENT AND MODERN. 
By J. Mdvr Suitb, Saper-royal Svo, with ^2 full-page Plates and numeroni 
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British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles, A Handbook for Students. By George H. Blagrove, 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 
Svo, 35. td. cloth. 

" ThU most useful and much wanted handbook should be in the hands of every architect and 
hw\Atr:'^BuUdi>t£r IVorld. 

" K carefully and usefully written treatise ; the work is essentially ^x».cfXcal."— Scotsman. 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 

Architects, Artists, Masons, and Students. By Arthur Lee, Author of " A 

Visit to Carrara," ** The Working of Marble/' &c. Small crown Svo, as. cloth. 

" A really valuable addition to the technical literature of architects and masova,"— Building 

News. 

DEUIiOTTE'S WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
£ egi mers : with a Rudimentary Treatise on the Art, Practical Directions for 
its Exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dslauottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 

"The examples of ancient MSS. recommended to the student; which, with much good senses 
the author chooses from collections accessible to all, aro fleeted with fudfrnent and knowledfret 
as well as t3sto»''—~.AtAefueutft, 

ORNAMENTAL ALPHABETS, Ancient and Mediavah from the 
Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En^vers, 
Carvers, &c. &c. Collected and Engraved by F. Dblamotte, and printed in 
Colours. Mew and Cheaper Edition. Royal 8yo, oblong, ss. &<. ornamental 
boards. 

** For those who Insert enamelled sentence s round glided chaHces; who blazon shop legends ovei 
&liop- doors, who letter church waOs with pithy aentences from the Decalogueb this book will be use* 
luL'-^Athetueum, 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental; 

including German, Old English, Saxon, Italic, .Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Kustic, and Arabesque ; 
with several Original Desiens, and an Analysis of the Roman and Old En^ish 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c 
Collected and Engraved by F. Dblamotte, and pnntedvin Colours. Mew 
and Cheaper Edition. Royal Svo, oblong, ss. 6d, ornamental boards. 

There is comprised in It every possible shape into which the letters of the alphabet and 
. ofti 



M 



numerals can be formed, and the talent which has been erpended in the coac^tion oTthe various 
plain and ornamental letters is vroaderCiiL"—Standard, 

MEDIJEVAL ALPHABETS AND INTTIALS FOR ILLUMU 
NA TORS, By F. G. Delaii ottb. Containing ai Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
" A volume in which the letters of the alphabet come forth elorified in gilding and all the coloun 

of the prism interwoven and intertwined and intermingled."— oTwm. 

THE EMBROIDERER'S BOOK OF DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediasval and Modem Alphabets, and National Emblems. Col- 
lected by F. Delamottb, and printed in Colours. Oblong royal Svo, is. 6d, 
ornamental wrapper. 
**The book win be of great assistance to ladles and TOimg children who are endowed with the 

art of plying the aeedle ia^this most ornamental and usenil prwtty work."— ^at/ AngUan Times, 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs: with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown Svo, is. in emblematic wrapper. 

*' The handicraft of the wood<anrer, so well as a book can Impact it; may be learnt from ' A 
Lady's' publication,"— wfi!A*mr*»». 
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NAT URAL SCIENC E, etc. 

The Heavens and their Origin^ 

THE VISIBLE UNIVERSE: Chapters on the Origin and 
Construction of the Heavens. By J. £. Gore, F.R.A.S., Author of *' Star 
Groups," &c. Illustrated by 6 Stellar Photographs and xa Lithoeraphic. 
Plates. Demy Svo, x6s. cloth, gilt top. Uf^tst published^ 

" A valuable and lucid summary of recent astronomical theory, rendered more valuable and 
attractive by a series of stellar photographs and other illustrations." — TJu Timts. 

" In presenting a dear and concise account of the present state of our knowledge, Mr. Gore 
has made a valuaue addition to the literature of the subject."— Aa^r^. 

" Mr. Gore's ' Visible Universe ' is one of the finest works on astronomical science that has re* 
cently appeared in our language. In spirit and in method it is scientific from cover to cover, but 
the s&le ttso dear and attractive tliat it will be as accepuble and as readable to those who make 
no scientific pretensions as to those who devote themselves specially to matters astronomicaL"— > 

" We are glad to bear witness to the fulness, the accuracy, and the entire honesty of the latest 
and the best compilation of the kind which has appeared of late years. . . . The illustrations 
are also admirable."— Z7a«<y Chronicle. 

" As interesting as a novel, and instructive withal ; the text being made still more lummous by 
steQar photographs and other illustrations. . . . A most valuable book."— JUanchtsUrBxumiuef^. 

The CouHteUations. 

STAR GROUPS: A Student's Guide to the Constellations. By 

T. Ellard Gorb.F.R.A.S., M.R.I.A., &c., Author of " The Visible Universe/*^ 

*' The Scenery of the Heavens." With 30 Maps. Small 4to, 55. cloth, silvered. 

" A knowledge of the prindpal constellations visible in our latitudes may be easily acquired by 

the thirty maps and accompanying text contained hi this work."— A'a/wrr. 

" The vouinle contains thirty maps showing stars of the sixth m^fnitude— the usual naked-ey» 
lin^-and each is accompanied oy a orief commentary, adapted to facilitate recc^^nition and bring 
to notice objects of special interest. For the purpose of a prdiminary survey of the ' midnight pomp * 
of the heavens, nothing could be better than a set of dehneations averaging scarcely twenty square 
inches in area, and induding nothing that cannot at once be identified."— .^'a/MnA^ Review. 
" A very compact and handy guide to the constellations."— ><M^mrMOT. 

The Microscope, 

THE MICROSCOPE : Its Construction and Manaj?ement, in- 
cluding Technique, Photo-micrography, and the Past and Future of the 
Microscope. By Dr. Henri van Heurck, Director of the Antwerp Botan* 
nical Gardens. English Edition, Re-Edited and Augmented by the Authos 
from the Fourth French Edition, and Translated by Wynne E. Baxter,. 
F.R.M.S., F.G.S., &c. About 400 pages, with Three Plates and upwards of 
a<o Woodcuts. Imp. 8vo, z8s. cloth ^It {Juii published, 

" This is a translation of a well-known woik, at once popular and comprehensive, on the struc> 
ture mechanism, and use of the microscope. Of adequate English manuals on the use omT the 
microscope there is certainly no lack; but, as the translator very truly] says, such a book as Pro- 
fessor vanHeurck's must necessarily be of interest to all who devote senous attention to microscopic 
work as a means of comparing the continental views and modes of thought with those of their own 
and other countries. *— 7»»mj. 

Astronomy* 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thymme Lynn, B.A., F.R.A.S.r 
formerly of the Royal Observatory, Greenwich, xamo, as, cloth limp. 
■• A sound and simple tveatlw, very caienilly edited, and a capital book lor beginnen."— 
MTn^wiedgt, [ticnal Tifnes, 

"Accuratfly brought down to the raqubementi of the present time by Mr. Lynn."— AAwoi- 

JRecent and Fossil Shells. 

A MANUAL OP THE MOLLUSCA : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
PaliBontologist in the British Museum. With an Appendix on Recent and 
Fossil Conch^gical Discoveries^ by Ralph Tatb, A.L.S.f F.G.S. Illustrated 
by A. N. Watbrhousb and Joseph Wilson Lowry. With 33 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., x88o. Cr. 8vo, 7s. 6d, cU 
"Amort valuable storehouse of concbotog i cal mod geological information.'*— Sn^Mr G0ts^, 

Geology and Cfenesis. 

THE TWIN RECORDS OP CREATION; or. Geology and 
Genesis : their Perfect Harmot^ and Wonderfnl Concord. Bv Gsorgb W, 
Victor lb Vaux. Numerous Illustrations, reap. Svo, 5s. cloth. 
" A valuable contribatlon to tiw evidences of Revelation, ana disposes vety conchislvely of the 

argumenu of those who would set God's Works a£ainst God's Word. No real di£5culty is shirked 

and no sophistry is left unexposed."— 7*A« Rpck, 
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DR. LARDNEW 8 COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Bbmjamiii Lobwy, F.R.A.S. With 378 lUiistrations. Post 8vo, 
6s. oloth. 

"The pernrfcntty of tiie original has been letained, and chaoten which had become obeolete 
have been replaced by others of more modem character. The ezplanations tiirougfaont are 
studiously popular, and care has been taken to show the application of the ▼arious brandies of 
physics to tbe industrial arts, and to the practical business of hfe."— Jfte<N|C' youmal, 

"Mr. Loewy has carefuQy reriaed the book, and brought it op to moaem requirements."— 

"Natural philosophy has bad few exponents mora able or better skilled In the art of popo- 
larising the subject thian Dr. Lardner ; and Mr. Loewy is doing good service in fittingthis treattte, 
■and the others of the series^ fbr use at the present time.*'-nSa0«rm«s. 

THE HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Bbnjamim Lobwy, F.iLA.S. With 
336 Illustrations. Post 8vo, 55. cloth. 

"For those 'who de^re to attain an accurate knowledge of physical sdence'VlUiout the pf» 
tf'ound methods of mathematical In-restigation,' this work is not merely intended, but well adapted." 
-Chemical News. 

"The volume before us has been careftaUy edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text*book.' 
— Mature. 

"CancUdates ibr pass examinations wOl find ft; we think, specially suited to their requirements." 
— Bnglish MtdtofUc 

THE HANDBOOK OP HEAT. Edited and almost entirely Re- 
written by Bbnjamim Lobwt, F.R.A.S., &c 1x7 Illnsts. Post 8vo, 6s. cloth. 

"The style is always dear and precise, and conveys Instruction without leaving any cloudlnes 
or lurking doubts htStiad/'—EnsrineerifUf. 

"A most exhaustive book on the subject on which It treats; and is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has Included all the latest discoveries in the varied laws and effects of heat."— sSStoxtfartf. 

"A complete and handy tex^book for the use of students and general readers."— £M(f/^/f 
Mtehanic 

THE HANDBOOK OP OPTICS. By Dion ysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olvbr Harding, B.A. Lond., 
of University College, London. With 9^ Illnstrations. Small 8vo, 448 
pages, 5s. cloth. 
" Written by one of the ablest English scientific writers, beautlfiilly and elaborately Dustiated." 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS, By Dr. Lardnbr. Ninth Thousand. Edit, by Gborqb Carbt 
FosTBR, B.A., F.C.S. With 400 Illustrations. Small 8vo, 55. cloth. 

•* The book could not have been entrusted to anyone bettw calculated to preserve the terse and 
ladd^style of Lardner, while correcting his errors and bringing up his work to the present state of 
sdentHic knowledge."— /V/mAst Sdenc* RevUw. 

THE HANDBOOK OP ASTRONOMY. Forminga Companion 
to the " Handbook of Natural Philosophy.'* By Dionyszus Lardnbr, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition, Revised and Edited by kdwzn Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
xoo Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 6d. cloth. 
" Probab^r no other book contains the same amount of information In so compendious and well* 
arranged a form— certainly none at the price at whldi tills b oflered to the pahac."—Atk€Haum. 

'*W9 can do no other than pronounce tiiis woric a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at the same time correct— acquaint- 
ance woh this suUime s/doDOt.*'— •Quarterly youmal ^ Science, 

"One of tiie most deservedly popular books on the subject . • . We would noommend not 
only the student of the elementary principles of tbe scicaic^ but be iHio aims at masterloig the 
higner and mathematical branches of astronomy, not to be without tUs woric beside him."— iVmy^ 
calMagawku, 

Geoloay. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL, Consisting of ''Physical Geology." which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tatb, A.L.S., F.G.S., ftc. V^th 350 Illustrations, zsmo, 55. cl. bds. 
"The fulness of die matter has elevated the book Into a mamial. . Its information is exhaustive 
and well arranged."— Sc*0»/ Bomrd CArwUde, 

D 
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THB MUSEUM OP SCIENCE AND ART. Edited by 
DiOMTitui Laxoiisk, D.CLn.. formerlj Profeaaor of Natural Phflosophy and 
A atnm o ui T in Univwsi^ Couece. London. With upwards of z,9oo Engrav- 
inst on Wood. In 6 Donble Volamet, £i u. in a new and olegant cloth bind- 
iDg{ orhandaomelybonndinhaU^norocoOkSi'^CA 

*«* Opimom or tbs Panst. 
Thb umflm, boddas affmtUac poputar bvt waad Imlnctkiii on »c l«B Uic sobjedit with wUA 



a»n in th* conntiy oufht to be acqiiaiiitod. alw ondertakM tlutft t— cbhig of 'Com- 
_ whkh oTory iPtfl.wlihet of hhldnd m imcJoiw to ptomof. Maajr thoosand copies o# 
iMi ntvkeeble publketlon have been orintod, to the belief end hope tfaet the desite for tastmctioa 
■■d faBproveneat widely pveveOi ; end ve have BO fMV thet each enHBfatened iritfa wffl Beet with 



'^A cheap and fa iiewthig pebMcatlfla aike 
aabfacti of tmoottaace and mat tdentMc kno«ledf% c o w i i e fab to in dac tl Te powers and n 
pepniar a^ or tiwaiment.'' ^ywftifar. 

^**Tbe'MaaBainof Sdenoe and Aft* it the meat vafai^ble contvfbatloB that has ever been 
aMda to the S cienri li c Instractiga of evenr daaa of aociat7."-<Sir David Brewstbb, in tim 
Mw«l British Rtview, 

''Whether we conrider dw BberaBty and beauty of the IHustiatioDa* Oe diann of the wxtdoff, 

rOe durable Interest of the matter, we most express our belief tiiat there is hardlv to be found 

'the new books one that would be welcomed by people of so many agea ana dasses as a 



*•* StpataUhooHitformtdffom tk» abotttnUabU f&f Workmem*sLibrarieSt 

Scienee Ckma, etc* 

CXmimmm» rk4mg» MaspimiHed, Containing Air, Barth, Fire, Water, Hme, 
Man, the Bye, Locomotion, Colour. Clocks and Watches, ftc. 933 lUas- 
trations, doth gilt, 5s. 

Th€ JHoTMoopei. Containing Optical Images, Maenilying Glasses, Origin 
and Description of the Microscope, Microscopic ODJect&, the Solar Micro- 
scope, Microscopic Drawing ana Engraving, ftc. X47 Ulnstrations, cloth 
gilt, at. 

PopMlar B^oiogy* Containing Barthqnakes and Volcanoes, the Cmst of 
the Earth, &c. aox Illnstrations, cloth gilt, «. 6d, 

Popuioir Fh^Het* Containing Maniitnde and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Soond, &c 85 Illnstrations, cloth gilt, as. 6d. 

Steam, and <fo I7«ee» Incladinjg the Steam Engine, the Locomotive, and 
Steam Navigation. 8g Illustrations, cloth gilt, as. 

PooMlor Attnmomy. ContainixLE How to observe the Heavens— The 
Earth, Sun, Moon. Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, ftc. x8a Illustrations, cloth gilt, 4s. 6d. 

She Bee and White Ante : Their Manners and HaUts. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Ulnstrations, cloth gilt, ts. 

The BUeetrie Teieyraph PopMlorisecl. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acauirements, the various 
forms of Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, 

J}r» lAMTdner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbf. 

saS Illnstrations. Sixth Edition. One Vol., 3s. 6d, cloth. 

** a TeryconTsalentclaaa-boolc for Junior students in private schools. It is Intended to conv«y 
iadear and predae teimsb general nooona of all tiw ptinclpal dlrldons of Physical Scieoce."^ 
British Quarttrlf Rtviem, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbr. 
With 190 Illustrations. Second Edition. One Vol., 3s. 6^. cloth. 
•'Clearly written, well arransed. and ezcdlently illustrated."— ^rtWTAmr'f Chtvnick, 

Lardner and Bright on the Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lardnbr. Re- 

vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, as. M. cloth. 
•* One of the most readable books extant on the Electric Tekgxaph."— JVfV'/'r A Medkmie. 
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CHEMICAL MA NUFACTURES , CHEMISTRY. 

Alkali Trade, Manufacture of Sulphwric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Mann&ctare of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-T;^ne and London, 
with 333 Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Super-royal 8vo, £1 xos. cloth. 

••This book is written by a manufitcturer for manufacturers. The worldng details of the mos 
_^ proved fonns ti apparatus are given, and these are accompanied by no less than 339 wood en 
eravlngs; all of which may be used for the purposes of construction. Every step in the manu- 
tacture is very fuUy described in this manual, and each improvement explained."— ^/;^;;<?M;n. 



approved forms of apparatus are given, and these are accompanied by no less than 339 wood en< 
" f which "^ ^ - -L « . _.__ ^ ^. , .. 

iry fully 
'* We find not merely a sound and luminous explanation of the chemical principles of the trade, 
but a notice of numerous matters which have a most important bearing on the successful conduct 
of alkali works, but which are generally overlooked by even experiencea technological authors."-^ 
Chemical Reviea/. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R.A., F.G.S. With x3o Illustrations. Second Edition, 
Revised and Enlarged. Crown 8vo, 5s. cloth. 

"The student who goes conscientiously through the course of experimentation here laid 
down will gain a better insight into inoreanic chemistry and mineralo^ than if he had 'got up ' 
any of the best text-books ot the day, and passed any number of examinations in their contents."— 
CJUmicml N€ws. 

Comtnerdal Chemical Analysis* 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in 
the Arts. By A. Normandy, Editor of Rose's "Treatise on Chemical 
Analysis." New Edition, to a great extent re-written by Henry M. Noad, 
Ph.D., P.R.S. With numerous Illustrations. Crown 8vo, 135. 6d. cloth. 

" We strons^y recommend this book to our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical practitioner."— Af(f</<ii»/ Times. 

" Essential to the analysts M>pomted under the new Act. The most recent results are given, 
and the work is well edited and carefully written."— t^o/Mrsc 

Chemistry for Engineers, etc. 

ENGINEERING CHEMISTRY: A Practical Treatise for the 
Use of Analytical Chemists, Engineers. Iron Masters, Iron Founders, 
Students, and others. Comprising Methoas of Analysis and Valuation of the 
Principal Materials used in Engmeering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 
Analytical and Consmting Chemist to the Great Eastern Railway. Crown 8vo, 
330 pp., with Illustrations, los. 6d. cloth. [Just published. 

" In this work the author has rendered no small service to a numerous body of practical men. 
. . . The analytical methods may be pronounced most satisfactory, beings as accurate as the 
despatch required of engineerin«f chemists permits." — C?umical News. 

" Those in search <x a handy treatisei on the subject of analytical chemistry as applied to the 
everp^day requirements of workshop practice will find this volume of great assistance."— /row. 

** The first attempt to bring fom^ud a Chemistry specially written for the use of engineers, 
and we have no he^tation whatever in saym^r that it should at once be in the possession of every 
raihRrayengineer." — The Railway Engineer. 

** The Dook will be very useful to those who require a handy and concise resume of approved 
methods cS analysing and valuing metals, oils, fuels, Sec. It is, in fact, a work for chemists, a kuide 
to the foutine of the engineering laboratory. . . . The book is full of good things, as a &ind- 
book of technical analyws, it is very welcome."— ^M*/<flf4r. 

DyC'Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 
Properties, Applications, Valuations, Impurities, and Sophistications. For the 
nse of DyerS| Printers, Drysalters, Brokers, &c. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 75. 6d, clotlL 

** A complete encydopaedia of the rruMieria Hnctorta. The information given respecting each 
afttde is full and predse, and the methods of determining the value of articles such as theses so 
liable to sophistication, are givea with clearness, and are practical as well as ydSsiaiAb,"— Chemist 
unADnuvistm 

** There is no other work which covers precisely the same ground; To students preparing 
fof examinations In dyehig and printing It will prove exceedingly useftd."— CAowtfco/ A'rwx. 
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Modem Brewing and Malting. 

A HANDYBOOK FOR BREWERS: Being a Practical Guide 
to the Art of Brewing and Malting. Embracing the Conclosions of Modem 
Research which bear npon the Practice of Brewing. By Hbrbbrt Edwards 
Wright, M.A., Author of '* A Handbook for Yoong Brewers.*' Crown 8vo, 
530 pp., Z2S. 6d. cloth. IJust published. 

** Mar be consiilted with adTantage br the student who b jpttepaAig Umsdf for examinational 
tests, while the scientific brewer will find m it a rrsuttu of all the most important discoreries of 
modem times. The woilc is written throughout in a clear and concis e manner, and the author takes 
great care to discriminate between vafue theories and well-establidied biCts."—Bmutrs' journal. 

" We have very great pleasure m recommending this handybook, and have no hesitation in 
saying that it is one of the best— if not the best— which has yet been written on the subject of 
beer-biewing In this country, and it should have a pboe on the soelves of every brewer's limary." 

" Wen arranged, under special headings which eepaiate each paiagnph, and fun^shed with a 
good index, erery facility for speedy reference is afforded. ... On every debatable subject 
we have presented in an unbiased &axion the opinions wluch have been advanced in explanation 
of these points, making the work exactly wlut it purports to be, a comprehensive review of the 
condu^ons of modem research in r^fara to brewing. — CJUmiccU Tnuk journal. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Ajialysis 
and Valuation. For the Use of Chemists and Engineers. Bjr H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway, 
Author of " Engineering Chemistry," &c. Second Edition, Revised and 
Enlarged. Crown 8vo, 55. cloth. [Just published, 

" Ought to have its place in the laboratory of every metallurgical establishment, and wherever 
fad is used on a large scnie."—Ck*fHica/ News. 

"Mr. Phillips' new book cannot fail to be of wide interest, especially at the present time."— 
RailTuay News. 

Pigments. 

THE ARTISTES MANUAL OF PIGMENTS, Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Purity. Together with the Science and Arts 
Department's Examination Questions on Painting. By H, C. Stanoagb, 
Second Edition, crown 8vo, 35. 6d, cloth. 

" This work is indeed muitum-iH-,^arvo, and we can, with good consdence, recommend It.to 
all who come in contact with pigments^ whether as makers, dealers or ^uma,"-— Chemical Review, 

Gauging. Tables and Rules for Revenue OfflcerSf 

MrewerMf ^^ 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. Oblong x8mo, 4s. leather, with elastic band. 

*' This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a fisvourite book of reference. The range of subjects is comprehensive, and the 
arrangement simple and dear."-- CfM2£8i». 

" Should be in the hands of every practical brewer.**— frvwerr* ycumal. 



INDUSTRIAL ARTS, TRADES, AND MANUFACTURES. 

Flour Manufacture, Milling^ etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. Bv Fribdrich Kick, Imperial Regierungsrath« Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, Assoc. Memb. Institution of Civil Engi- 
neers. Nearly 400 pp. Illustrated with a8 Folding Plates, and 167 Woodcuts. 
Royal 8vo, 35s. cloth. 

•< This valuable work is. and win remafai. the standard authority on the sdence of mOBng. . . 
The miller who has r^d and digested this work will have laid the foundation, so to speak, of a suc> 
cessfiil career ; he inll have acquired a number of general prindples which he can proceed to 
apply. In this handsome vdnme we at last have the accepted text-book of modem milling in good, 
Boond English, which has Uttle, if any, trace of the German Idiom."— ri%« Miller. 

" The appearance of this celebrated work in Englidi is very opportune, and British mOlers 
jfriO, we are sure, not be slow in availing themselves of its ^digps. -^Millert' Gasette, 
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THE ART OP SOAP-MAKING : A Practical Handbook of the 
Manufacturt of Hard and Soft Soaps, Toilet Soaps, etc, Inclnding many New 
Processes, and a Chapter on the Recovery of GiTcerine from waste Leys. 
By Albxamdbr Watt, Author oi ** Electro-Metalforey Practically Treated,' 
Ac. With nnmerons Illnstrationa. Fourth Edition, Kevised and Enlarged. 
Crown 8vo, js, 6d, cloth. 

**TlMwoikwfflprov*vwyiiseftil, not merely to dw tednudogicalitnden^ bottothepmctlcal 
aoep-boOer who wisbes to understand the theory of his 9st,"—^Memieai New, 

" Really an excellent example of a technical manual, entering, as it does, thoroug:hly and ex- 



haustively , Doth into the theo^ and jpractice of soap manufacture. The book is well and honestly 
done, and deserves the co&tiderable circulation with which it wiU doubtless xDiMk."—KfUfwledge. 

**Mr. Watt's book is athoroofffaly practical treatise on an art which has almost no literature in 
oar langtMce, We connatulateueaiitiiot on the ancoess of his endeavour to fill a void tai English 
tschnical Kteniture.''-->AMir«. 

Paper Makingm 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from RagSt Esparto^ Straw, and other Fibrous Materials. 
Indudine the Manufacture (tf Fulp from Wood Fibre, with a Description 01 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Albzanobr Watt, 
Author of *' The Art of Soap-Making," ** The Art of Leather Manu£acture,'* 
&c. With Illustrations. Crown 8vo, 7s. &{. cloth. 

" This book Is sucdnct, ludd, thoroughly practical, and Includes everything of interest to the 
modem paper- maker. The book, besides b«ng all the student of paper-making will require in his 
apprenticeship, will be found of interest to the paper-maker himseu. It is the latest, most practical, 
and most complete work on the paper-making art oefore the British public."— At^r Record. 

'* It may oe r^arded as the standard work on the subject. The book Is full of valuable in- 
formation. The ' Art of Paper-making,' is hi every respect a model of a text-book, either for a 
technical class or for the private student."— A^^irraMtf/Vifo/i^yV Trades journal. 

Leather Manufad/wre* 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Cmrying, and 
Leather Dressing are fully Described, and the Principles of Tannine Ex- 
plained, and many Recent Processes Introduced ; as also the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Albxandbr Watt, Author of " Soap-Making(," " Electro- 
Metallurgy," ftc With numerous Illustrations. Second Edition. Crown 
8vo, 9s. cloth, 
"A soimd, comprehensive treatise on tannb^ and Its accessories. The book is an eminently 

valuable protlUictioa, which redounds to the credit of both author and publidiers."— C,*/iwrfni/ 

Seview, 

"This volume Is technical without being tedious, comprehensive and complete without being 

prosy, and It bears on every page the impress of a master hand. We have never come across a 

better trade treatise, nor one tut so thoroughly supplied an absolute want."— kSft«r ami LeeUher 

Traded Chronide. 

Boot and Shoe Making* 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbno, late Editor of St. Crispin, and The Boot and Shoe-Maker, 
Wim numerous Illustrations. Third Edition. lamo, is. cloth limp. 
"This excellent treatise Is by te the best work ever written on the subject. The chapter 

on clicking, which shows how wastvVky be prevented, will save fifty times the price of the book." 

Scottish Leather TVader. 

I}enti8try Construction* 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various hinds of Artificial Dentures. Comprising also Use- 

r ful Formulas, Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. 

I By Charlbs Humtbr. Third Edition, .Revised. With upwards of zoo 

I wood Engravings. Crown 8vo, 3s. 6d. cloth. 

f " The work Is very practicaL"— il/on/^ Review of Dental Sufrery. 

** We can strongly recommend Mr. Hunter's treatise to all students preparing for the professtoa 
of de ntistry, as well as to every mechanical daotiA.''—DMdliH journal ^ Medieal Science, 

Wood Engraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art, By W1U.IAM Normam Browm. Second Edition. With 
numerous Illustrations, zamo, is. 6d. cloth limp. 

"The book is clear and complete, and wiU be osefiil to anyone wanting to nndeistand the first 
elements of the beautiful art of wood engraving. "—Grv^A^f. 
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Hardogy. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Cx^udius Saunibr, ez-Durector of the 
School of Horology at Mafon, by Tulibm Tripplin, F.R.A.S^ Besancon 
Watch MannBactorer, and Edward Kigg, M.A., Assayer in the Royal Mint. 
With 78 WoodcQts and 22 Coloured Copper Plates. Second Edition. Super- 
royal 8vo, £2 as. cloth • £2 los. half-call. 
** There is no hondoeical woric to the Engrlish language at all to be compared to tills prodac- 
Hon of M. Sannier's fior CManieas and oompleteness. ItisalOceKOodasaKaidefbrthestn^faaitand 
as a reference for the experienced horolo«st and skilled workman."— /TofvAipva*/ ^founuU, 

" The latest, the most complete, and the most reliable of those literary prodnctians to nUch 
continental watchmakers are indd>ted for the mfwhaniral snperiorltjr over Uieir English brethren 
—In fact, the Book of Books, is M. Saunler's ' Treatise.'"— AFoft^kafMulcr, ytweiier imdSUversmtth, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK, Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunibr, and considera- 
ably enlarged by Juubn Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward Rigo, M.A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crown 
8vo, 9s. cloth. 

** Each part is truly a treatise In itsdfl The arrangement is frood and the language Is dear and 
concise. Itls an admirable guide for the young watchmaker."— .gytf^&Mgrinf. 

" It is impossible to speak too highly of its eacelleoce. It fulfils every requirement In a hand- 
book intended for the use of a workmani Should be found in every workshop."— ^oftA and 
Clockmaker, 

" This book contains an Immense number of practical details bearing on the daily occupation 
of a watchmaker."— IficftAmaAer and MttaiworJUr (Chicago). 

Watches and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 
By jAifBS F. Kendal, M.B.H.Inst. 350 pp., with 88 Illustrations, is. 6d. 
boards ; or 2s. 6d. cloth gilt. [Just published. 

"Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
English language."— /»<^««x^fiex. 

" Open the Dook where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entertaining 
spirit, as might be expected of a historian who is a master of the craft."— SaAfrcA^ Review. 

Mectrolysis of Gold, Silver, Capper, etc* 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Blectnc Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro-Metallurgy. By Albxamdbr 
Watt, Author of " Electro- Metallurgy," &c. With numerous Illustrations. 
Third Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 
••Eminentiy a book fior the practical worker in electro-depositian. It contains practical 
descriptions of^ methods, processes and materials as actually pusued and used in the workshop." 

Mectro-MetaUurffy. 

ELECTRO'META LL URG Y ; Practically Treated. By Alexander 
Watt. Author of ** Electro-Deposition,** &c. Ninth Edition, Enlarged and 
Revised, wilii Additional Illustrations, and including the most recent 
Processes. i2mo, 4s. cloth boards. 

*'From tills book both amateur and artisan nay leain eveiything neoeMBfy for the sncceasful 
protecutimi of electroplating."— /row. 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD ; A Practical Treatise for Masters and Workmen, Compiled 
from the Experience of Thirty Years' Workshop Practice. By G^borgb E. 
Gbb, Goldsmith and Silversmith, Author of *' The Goldsmith's Handbook," 
&c. Crown 8vo, ys. 6d. cloth. [Just published, 

" This manual of technical education is apparently destined to be a valuable auxiliary to a 
handicraft which is certainly capable of great improvement."— TA^ Times. 

" This vcdume will be very useful in nie workshop, as the knowlec^ is practical, having been 
acquired by long experience, and all the recipes and directions are guaranteed to be successful if 
properly workea out."-~3^evfeUer and Metahiwrker. 
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JElectroplating, 

ELECTROPLATING: A Practical Handbook on the Deposi. 
tdon of Copper, Silver, Nickel, Gold. Alaminium, Brass, Platinam, &c. Ac. 
With Descriptions of the Chemicals, Materials, Batteries, and Dvnamo 
Machines used in the Art. By J. W. Urquhart, C.B., Author of '* Electrio 
Light,'* &c. Second Edition, Revised, with Additions. Numerous Illustra- 
tions. Crown 8vo. ss. cloth. 
" An exceUent practicai man\ial."^EngiH€erin£; 
** An excellent worle, givintr the newest information."— iSR^fv/difiai/ ^^MrMoA 

EHec^otyping. 

ELECTROTYPING : Th$ ReproducUon and Multiplication ofPrinU 

iHg Surfaces and Works of Art by the Ekctro^posUkm of Metals, By J. W* 

Urquhart, C.B. Crown 8vo, ss. cloth. 

"The book Is tfaoroucrhly practical. The leoderi^ ttamnton, oondncted throagh die leading 
laws of electricity, then tfaroutrh the metals used by dectrotypeia, the apTpantat, andthe deporting 
processes, up to the final preparation of the worlL'^Art y^Mrnal, 

Cfoldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK. By Georgb E. Gbb, 

Jeweller, &c. Third Edition, considerably Enlarged, zamo, 3s. 6d. cl. bds. 
"A good, sound educator, and wOl be srenerally accepted as an aaXbomj."^ffor9kfgieal 

SUversnHths^ Work. 

THE SILVERSMITH'S HANDBOOK, By George E. Gbb, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. ztino« 
ss. 6d, cloth boards. 

" The chief merit of the woik is its practical character. . . The workers Ui the trade will 
•speedily discover its merits when they sit down to study i!L*''~-Bnglish Mtchanie, 

\* The above two works together, strongly half-bound, price 7s, 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robbrt Wblls, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, u. cloth. 
'* A large number of wrhikles for tiie ordinary cook, as well as the baker."— ^SMwnfiur Review, 

Confectionery for Hotels and Bestaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and the Trade in general, adapted also for Familv 
Use. By Robert Wblls, Author of " The Bread and Biscuit Baker's ana 
Sugar-Boiler's Assistant" Crown 8vo, 2S. cloth. 

" We cannot speak too highly of this really excellent work. In these days of keen competitkM 
«ur readers cannot do better tnan purchase this hook,''—2taJUrs' Times. 

-Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY: A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With zag Ori^nal DMigns. 
By Robbrt Wblls, Practical Baker, Author of " The Bread and Biscuit 
Baker's and Sugar-Boiler's Assistant,'* &e. Crown 8vo. cloth gilt. 5s. 
"A valuable work, practical, and should be in the lumds of every baker and conractioner.'Tlie 
illustrative dedgns are alone worth treble the amount charged for the whole woric."— AiAerr* Times. 

Flour Confectionery* 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
ftc. With Remarks on the Ingredients used in their Manufacture. To 
which are added Recipes for Dainties for the Working Man's Table. By 
R. Wblls, Author of "The Bread and Biscuit Baker," &c. Crown 8vo, as. cl. 

* The work is of a decidedly practical character, and In every recipe regard is had'to economi- 
^aXmot^ag."— North BriHshDaUyMaiL 

Lau/ndry Work* 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 

and Pnblfc Laundries, Including Descriptive Accounts of Modern Machinery 

and Appliances for Laundry Work. By the Editor of '*The Laundry 

JoumaiL*' With numerous Illustrations. Crown 8vo, ss. 6i. cloth. 

" This book should certainly occupy an honoured place on the shelves of all honsdceepeit 
who msh to keep themselves a$t courant of the newest appliances and methods."— TA* Queen. 
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HANDTBOOES FOR HANDICRAFTS. 

By PAUL N. HASLUCK, 

BoiTOR OP " Work " (New Sbrxxs) ; Author of " Lathework," ** Millino- 

Machines and Processes," etc. 

Crown 8to, 144 pages, cloth, price 15. each. 

These Hamoybooks have been written to supply injormatUm for Workmen, 



Students, and Amateurs mi the several Handicrafts, on the actual Practice of 
the Workshop, and are intended to convey in pkun language Tbchnicai, Know* 
ledge of the several Crafts. In describing the processes employed^ and themanipu- 
lotion 0/ material, workshop terms are used; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tooht appliances, and 
processes. The ^formation given will thus be found useful, not only oy the young 
beginner, but by the veteran whose range of experience has been narrowed undefa 
system of divided labour ; while the amateur will find himself introduced to the very 
atmosphere and surroundings of the workshop. 

In view of the wide ciraUation which the Hamdybooks have already attained^ 
and the yet under circulation which must accrue from the facilities for Manual IN"^ 
8TRUCT10N nowprovidea by Local Authorities in pursuance of recent legislation, 
it has been decided to issue them at the price of One ShiUing each, 

*,/^ The following Volumes are now ready : 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Foot-Lathe. With over 100 lUastrations. Price is. 

" The book will be of senrice alOce to the amateur and the artisan turner. It displays thorough. 
knowledge of the subject."— 5^/;rMaM. 

THE WOOD TURNER'S HANDYBOOK, A Practical Manual 

for Workers at the Lathe, With over xoo Illustrations. Price X5. 

** We recommend the book to yomu turners and amateurs. A multitude of workmen haT» 
hitherto sought In rahi for a manual of thfi special Industry."— Ji/cdbaHtlea/ IVorU, 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting, With upwards of xoo Illustrations. 
Price II. 

"We strongly advise all young persons connected with the watch trade to acquire and study 
this inezpensiTe •m»k:'~-Cltr*eHweU ChronitU. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual on the Construction of Patterns for Founders. With upwards of 
ICO Illustrations. Price is.. 
" A most Taluable, if not indispensable, manual for the pattern maker."— Knaw!ec^e. 

THE MECHANICS WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda, 
Comprising about 200 Subjects. Price is. 

" A rery clerer and useful book, which should be found in every workshop ; and it should* 
certainly find a place in all technical schocHs."— Saturday Review. 

THE MODEL ENGINEER'S HANDYBOOK, A Practical 
Manual on the Construction of Model Steam Engines. With upwards of 100 
Illustrations. Price is. 
" Mr. Hasluck has produced a very good little book."— ^M^^r. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing ^ and Adjusting, Withjupwards of 100 Illustrations.. 
Price IS. 

" It is of inestimable service to those commencing the tnde."— Coventry Standard, 

THE CABINET WORKER*S HANDYBOOK: A Practical 

Manual on the Tools, Materials, Appliances, and Processes employed in 

Cabinet Work. With upwards of xoo Illustrations. Price xs. 

" Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides Tie have 
seen for beginners in cabinet-work."— ^a/MriAs/ Revieto. 

♦ The foUowing are in preparation : 

THE [WOODWORKER'S HANDYBOOK. 
The METALWORKER'Sl HANDYBOOK. 
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Commercial Education* 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Commercial Law in King's College, 
London. Crown 8vo, 3s. 6d. cloth. 

" The publishers of this work have rendered considerate service to the cause of commercial 
education by the opportune production of this volume. ... The work is peculiarly acceptable- 
to English readers and an admirable addition to existii^ class-books. In a phrase^ we think the- 
work attains its object in furnishing a brief account of those laws and customs of British trade with 
which the commercial man interested therein should be familiar."o--CAam^r oyCommerceyaumai- 

Foreign Commerddl Correspondence* 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Corres^ndence in Five Languages— English. French, 
German. Italian, and Spanish. By Conrad £. Bakbr. Second Edition. 
Crown 8vo, 3'* 6d. cloth. 
" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do bette* 

tium study this work, the materials of which are ezceUent and conveniently zxnxkgod."—jithenentm, 
"A careful ezaminatloa has convinced us that it is unusually oMnplete, well arranged, and 

fdlaUe. The book is a dioroughly good onio."—SchMlmast€r» 

Accounts for Manufacturers* 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B^ Emilb Garcke and J. M. Fblls. Third Edition. Demy 8vo, 250 pages, 
price 6s. strongly bound. 
" A verjr interesting description of the requirements of Factory Accounts. . . . the principle 

of asamilating the Factory Accounts to the general commercial books Is one which we thoroughly 

agree •mtb."~'Accoun/ants' journal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great benefit from the perusal of this most admirable work."— £«£»/ Govemffunt Chronicle' 

Intuitive Calculations* 

THE COMPENDIOUS CALCULATOR; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Gorman. Corrected and Extended by Professor J. R. Younc 
Twenty-seventh Edition, Revised by C. Norris. Fcap. 8vo, 2S, 6d, cloth 
limp ; or, 3s. 6d, strongly half-bound in leather. 
*' It would be difficult to exag^rate the usefulness of a book like this to everyone engaged In 

commerce or manufacturing industry. It is crammed tu\l of rules and formulae for shortening andf 

employing calculations."— ArM«w/e<^if. 

Modem Metrical Units and Systems* 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of " Aid 
to Survey Practice," &c. Large crown 8vo, 125. 6d. cloth. 

" We recommend the work to all interested in the practical reform of our weights and mea- 
sures." — Nature. 

The Metric System and the J^ritish Sttxndards^ 

A SERIES OF METRIC TABLES, in which the Bntish Stand- 
ard Measures and Weights are compared with those of the Metric System at present" 
in Use on the Continent. By C. H. Downing, C.E. 8vo, xos. 6d. strongly bound. 
*'Mr. Dowling's Tables are well put together as a ready-reckoner lor tbe ooitveidon of one 
system into the maet,"^AtH€tueum, 

Iron and Metal Trades' Calculator, 

• THE IRON AND METAL TRADES' COMPANION. For 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. i>er cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Downie. Strongly bound in leather^ 
396 pp., 95. 

" A most useful set of tables ; nothing like them before ejdsted."SMUdifur Niews. 

"Although spec^klly adapted to the Iron and metal trades, the tables will be found useful In 
every other business in which merchandise is bought and sold by weight."— ^otfw^y News. 
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iJalculator ffyr Numbers and Weighta Combined. 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 350,000 Separate Calcolationa. showing at 
a glance the value at 43a difierent rates, ranging from lirth 01 a Penny to 
BOS. each, or per cwt., and £70 per ton, of any number ot articles consecv- 
tively, from x to 470.— Any number of cwts., qrs., and lbs., frcmi z cwt. to rro 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Revised and Im- 
proved. SvOf price i8s., strongly bound for Office wear and tear. 
tST Is adapted for the me of Accountants and AuditorSt Railway Companies, 
Comal Companus, SMpterSt Shipping Agents, General Carriers, etc. Ironfounders, 
Brassfounders, Metal Merchants, Iron Manufacturers, Ironmongers, Bi^neers, 
Machinists, BoHet Makers, Millwrights^ Roofing, Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, 
Merchants, and General Wholesale Tradesmen. Also for the Apportionment of 
Mileage Charges for Railway Traffic, 

%* Opinions of the Press. 

" It is easy of reference for any answer or anv number of answers as a dictionary, and tbe 
references are even more quickly made. For making up accounts or estimates the book must 
prove invaluable to all who have any considerable quantity of calcula^ons invoivinj^ price an4 
measure in any combination to Ao."--EHgineer. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. It 
is difficult to iraaeine a trade or occupation in which it could not be of the neatest use. either in 
saving human labour or in checking work. The puUishers have placed withm the reach of every 
commercial man an invaluable and unfailing assistant."— Tik^ MiUer. 

Harben'8 Comprehensive Weight CalctUatar* 

THE WEIGHT CALCULATOR, Being a Series of Tables 
npon a New and Comprehensive Plan, exhibiting at One Reference the exact 
* Value of any Weight from x lb. to xs tons, at 300 Progressive RateS) from id, 
to x68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of xOk266,ooo Answers ; the whole being calcn- 
lated and designed to ensure correctness and promote despatch. By Hbnrt 
Harbbn, Accountant. Fourth Edition, carefully Corrected. Royal 8vO| 
£i 5s., strongly half-bound. 

" A practical and useful work of reference for mea of business generally ; it Is Um best of the 
kind we nave wtau'^— Ironmonger. 

**0t priceless value to busmess men. It Is a necessary book in all mercantile offices."— ^£%^ 
JIM Independent. 

Harben'8 Comprehensive IHscov/nt Guide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers; Ironmongers, and others, 
by which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Gkx>d8, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discotmts : to which are added Tables of Profit or Advance from i| to 
40 per cent, Tables of Discount from i| to 98I per cent., and Tables of Com- 
mission, &c, from i to 10 per cent. By Henry Harbbn, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp., £1 59. half-boimd. 

** A book such as this can only be appredated by business men, to whom the a»vtaur of time 
neana saving of money. We have the nigh authority of Professor J. R. Young that tEe tables 
throughout the work are constructed upon strictly accurate principles. The work is a model 
at typographical clearness, and must prove of greet value to merchants, manu&ctuiefs^ and 
general traders."— J?rMrA Trmde youmal. 

Iron Shipbuilders^ and Merchants' Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers J and Iron Merchants. Containing the Calculated Weignts of 'up- 
wards of 150,000 different sizes of Iron Plates, from i foot by 6 in. by | in. to 
xo feet by 5 feet by i in. Worked out on the basis of xo lbs. to the square 
foot of Iron of x mch in thickness. Carefully compilea and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 25s. half-bound. 

*'This work will be found of great utility. The authors have had much practical experience 
<t what is wanting in making estimates; and the use of the bo(dc uill save much time in nakiBe 
elaborate calculations."— jg/ytoA Mechanic. 
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AQMCTTLTURE, FARMING, QA BDBNINQ, etc. 
**The Standard Treatise on Agriculture.^^ 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE^ 
BREEDER'S ASSISTANT: A Compendinm of Husbandry. Originally 
Written bv William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements oi 
Agricultural Practice, by William Frbam, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of " The Elements of Agriculture," &c. 
Royal 8vo, 1,100 pp., with over 450 Illustrations. Price £1 lis. 6d. strongly 
ana handsomely bound. Ljfitst published. 

Extract from Publishers' Advertisement* 

** A treatise that made its original appearance in the first decade of tlie century, and that enters 
apon its Thirteenth Edition before the century lias run its course, has undoubtedly established its 
poation as a work of permanent value. It has been deemed expedient, therefore, to fetain, as far 
as possible, in the present edition those features of Youatt 's Worlc which must have commended 
tbonselves to general approval. 

" The phenomenal progress of the last dozen years in the Practice and Science of Farming has 
rendered it necessary, however, that the volume should be re*written, and the publishers were 
fortunate enough to secure for the revision the services of Dr. Fream. whose high attainments ^ 
aU matters pertaining to agriculture have been so emphatically recognised by the highest pro • 
fessional and official authorities. In carr}ring out his editorial duties. Dr. fream nas been 
favoured with valuable contributions by Prof. J. Wortlbv Axe, Mr. £. BROWN, Dr. BERNARD 
DYER, Mr. W. J. MaLDEN. Mr. R. H. REW, Prof. SHELDON, Mr. J. SINCLAIR* Mr. SANDERS 
SPENCER, and others. <• 

" No pains have been spared to make the illustrations as representative and characteristic as 
possiUe : those of Live Stock (with one or two exceptions) being new to the work ; and amongst 
them will be found portraits of prize-wiiming animals of the leadmg breeds." 

" On the whole, it may be safely said that no effort has been lacking on the part of either 
Editor or Publishers to make this New Edition of THE COMPLETE GRAZIER a faithful mirror of 
agricultaral progress and a reliable record of modem practice in farming, and, as such, deserving of 
the reputation ^ned by the work (vide Mark Lane Express) as ' ^reoHs^uihMiwi^^maUt^ 

standard work on the subject as lonz as British agriculture endu^s^^ ^^^^^^^^^^^^^^ 

Summary of Contents. 



Book I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
General .Management of Cattle. 

Book II. On the Economy and Man- 
agement of thb Dairy. 

Book III. On the Breeding, Rear. 
ing, and Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, AND Fattening of Sheep. 

Boor V. On the Breeding, Rearing, 
AND Fattening of Swinb. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. On the Breeding, Rear- 
ing, AND Management of Poultry. 

Book VIII. On Farm Offices and 
Implements of Husbandry. 

Book IX. On the Culture and Man- 
agement OF Grass Lands. 

Book X. On the Cultivation and 
Application of Grasses, Pulse, 
AND Roots. 

Book XI. On Manures and their 

Application. 
Book XII. Monthly Calendars of 

Farmwork throughout the Year. 



*i^ Opinions of the Press on Previous Editions. 

" The standard text-book with the farmer and grazier."— /urrm«r'f Magazine. 

" A treatise which will remain a standard work on the subject as long as British agriculture 
endures."— Afar>6 Lafte Express (first notice). 

" The book deals with all departments of agriculture, and contains an immense amount of 
Talualile information. It is, in fact, an encyclopaedia of agriculture put into readable form, and it 
is the only work, equally comprehensive brought down to present date. It deserves a place in the 
library ot every agriculturist."— Afarvft Lane Express (second notice). 

British JPa/nm lAve Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robert 
Wallace. F.L.S., F.R.S.E., &c., Professor of Anricultore and Raral Eco- 
nomy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over 120 Phototypes of Stock. Demy 8vo, 
384 pp., with 79 Plates and Maps, price iss. 6d, cloth. {Just published, 

" A valuable, if not an indispensable, addition to every agricultural library worthy of the name, 

and an excellent gift-book to all who are, or are likely to become, concerned in the care and 

management of live stock in any position."— Agriatlturai Economist. 

*' Few countnr gentlemen who take up this book will care to put it down again until they have 

looked at its hundred phototypes of priae cattle, sheep, pigs, and horses— the very best collection 

we have ever 969ta."-^Saturday Review. 
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MHiiry Farming. 

BRITISH DAIRYING. A Handy Volume on the Work of the 
Dftlry-Fftnn. For the Um of Tachnicai Instmcdon Classes, Students in 
Agricnltiinl Colleges, and the WorUng Dairy-Farmer. By ProlJ. P. Shbldom , 
late Special Commissioner of the Canadian Government, Antnor ell " Dairy 
Farmtnft*' " The Farm and the Dairy,*' Ac With nnmerons lUnsttations. 
Crown 8vo, st. &I. doth. {Just published. 

AgrieuUural Facts and Figures* 

NOTE-BOOK OP AGRICULTURAL PACTS AND PIGURES 
FOR FARMERS AND FARM STUDENTS. By Pumrosk McComnbx.1,. 
B.Sc. FeUow of the Highland and Agricnltoral Society. Fourth Edition. 
Royal ssmoi roan, gilt edges, with band, 4s. 
••LiliMrihrtMmiwWiiBtenatk»,aadvscn oofdtaOyraoonBMBd it to al CMUMCtadvIA 

StnaU Farming* 

SYSTEMATIC SMALL PARMING: or, Th$ Lisstms of my 

Farm, Being an Introdnction to Modem Farm Practice for Small Farmers. 

By Robskt Scott Bukn, Author of *« Outlines of Modem Farming," &c. 

With numerous Illustrations, crown 8to, 6t. cloth. 
'''^"Thliisthecoiiiptalnt book of lis dan wo hsvo smb, aad on* vliidi evaiy aaateur farmer 
win toad with [ilnaiiifo and accept ai a gtMit,''—J^itU, 

**T1io Tohuno coatains a vast amooat of nsoAil iniininatiMi. No branch of fiumJng is left 
antonchod, from tho labour to be done to the resolts acfaieTed. It may be saidy recommended to 
an who think thej wffl be in paradise when thqr boy or rent a three-acre tem."— CAHfvw Scrvid. 

Modem Farming, 

OUTLINES OF MODERN PARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheep, 
and Horses — Management of Dauy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, Ac. Sixth edition. In One Vol., 1.950 pp.i half- 
bound, profiuely lUustrated, zss. 

** The aim of the author has been to make his woriE aft once co mp ieliensiTe and tmstwortfiy. 
and in tliis aim he has succeeded to a depee which entitles him to much oedit."— JfarwcNif 
Advertistr. ** No farmer sbookl be without this book."— Amtery GtutntioM, 

Agricultural JBhigineering. 

PARM ENGINEERING, THE COMPLETE TEXT-BOOK OP. 
Comprising Draining and Embanking; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines ; Field 
Implements and Machines; Agricultural Surveying, Levelling; ftc. By Prof. 
JOBN ScoTT, late Professor of Apiculture and Rural Economy at the Royal 
Agricultural College, Cirencester, &c. &c. In One Vol., 1,150 pages, half- 
bound, with over 600 Illustrations, zss. 

''Written with greet care, as well as with knowledge and abOity. The author has done his 
woikweD; we have found hfan a very tnistwoctiiy guide wherever we have tested his statements* 
The vohune will be of great value to agiiaaltnral students."— Iforl Lane Eatress. 

"For a young agriculturist we know of no handy vobmie likely to be mote nseftfly stu d i ed." 
m~B€lFs WiUOy Jitsungtr. 

Agricultwral Text^Book. 

THE FIELDS OP GREAT BRITAIN: A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department 
For Elementary and Advanced Students. By Hugh Clbmbnts (Board of 
Trade). Second Edition, Revised, with Additions. x8mo, as. 6d. cloth. 
** Amost comprehensive vohimeb giving a mass €^infonna!&on."—j4gricMlturaiEcim<nHtse. 
"It is a long tiipe since we have seen a book which has pleased us moie^ or which contains 
•Dch a vast and useful fund of knowiedge."— f^MotftoMi/ Times. 

Tables for FamierSf etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Grasiers, Agricultural Students, Surveyors, Land Agents, Auc- 
tioneers, etc. Selected and Arranged by Sidnbt Frahcis. Second Edition, 
Revised. 273 pp., waistcoat-pocket size, is, 6d, limp leather. 

«* J* 5^*'*^^ ^*" ?*¥* * ***:• *»<* occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. We 
cordiaUy recommend W'—BeWs JTeeJtly Messtftger. 
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The Management of Bees. 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Mana£;e- 
ment of the Apiary. By G. Gordon Samson. With numerous Illustrations. 
Crown 8to, is. cloth. 
" The intending bee*keeper win find exactly the kind of faaformation required to enable him 

to inalce a successftu start with his hives. The author is a thoroughly competent teacher, and his 

boolc may be commended." — Morning' Post. 

Fa/mm and JEstate Book-keeping* 

BOOK-KEEPING FOR FARMERS A ESTATE OWNERS, 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Acconntant. Second 
EditioUf Revised. Cr. 8vo, 35. 6d. cl. bds. ; or ss. 6<^ cl. limp. 
" The yolume is a capital study of a most important subject."— ^fv^^cw/Stens/ Goueette, 

Farm Account Book, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Dianr, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
, Year. By Johnson M. Woodman. Chartered Accountant, Author of Book- 

i keeping for Farmers." Folio, 75. 6a. half 'bound. IcuUurt, 

"Contains erery requisite form for keeping &na accounts readily and accurately."— 4cW- 

Early FrtUts, Fknvers, a/nd Veget€MeSm 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. With Illustrations. By Samubl Wood. Crown 
8vo, 35. 6d. cloth. 

" A good book, and &irly fills a place that was in some degree TacanL* The book iswritten with 
gnat care, and contains a great deal of valuaUe teaching." — Zfardetters' Ma^gusiru, 

Good Qa/rdening, 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 

Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with con 

siderable Additions, ftc., and numerous Illustrations. Crown 8vo, 35. 6d, cl. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy information it gives on common matters too often neglected."— 

Gardtnerf Chronidt, 

Gainful Go^rdening. 

MULTUM'IN'PARVO GARDENING; or. How to make One 
Acre of Land produce /690 a-year by the Cultivation of Fruits and Vegetables ; 
also. How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samubl Wood, Author of "Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
*' We are bound to recommend it as not only suited to the case of the Ti"iwtwir sad gentkimaa's 
gardener, but to the market grower."— GamErfMrr* Mt^^ujrttu, 

Gardening for LaMes, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs* Complete Guide, With Illusts. By S. Wood. Cr.Svo, 35. 6d, di 
** This yolume contains a good deal of sound, common sense instruction."— Fi^W;r^ 
• • Full of shrewd hints and useful instruction^ based on a Ufetinio of expefience."— JhxCf Maw. 

Receipts for Ga/rdenera. 

GARDEN RECEIPTS, Edited by Charles W. Quin, lamo. 

IS. 6d. cloth limp. 
" A usefiil and handy book^ containing a good deal of valuable information.''- ^.'A«/MrwM. 

Ma/rket C^ardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden.'* Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." lamo, js. 6a. cloth boards. 
*• The mort vafaiable compendinm of kitchen and maricet-garden work pahUthtd,"— 'Farmer. 

Cottage Gardening, 

COTTAGE GARDENING: or, Flowers, Fruits, and Vegetables for 
Small Gardens, By B. Hobday. lamo, is, 6d, cloth limp. 

" Contains much useful information at a small charge."— C/ajr^tnv luraid. 
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AUCTIONEERING, VALUING, LAND SURVETING 

ESTATE AGENCY, etc. 



Auetioneer^8 AwUtanU 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
BSTA TB AGENT AND VALUER'S POCKET ASSISTANT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of TOoperty generally ; with Prices for Inventories, &c Bv John Whbxuek, 
Vainer, fto. Sixth Edition, Re-written and greatly extended by C Norsis, 
Snrveyor, Vainer, &c. Ro^ same, ss. cloth. 
** A nMt and oondie book of rafcrenca, containiiig an artmhahlo tnd tkaily-anangied Ibt of 

" ContaJMahuwe quantity of varied and nsefil infonnatkm as to tiie yahiatton for purchase^ 
sale, or raoowal of leiaet, annattiet and raverskma, and of property rawraBy, with prices for 
ISTSQtociei, afK ^ a sitlde to detarmlne >*»i f vabM of l nw rlftr fittioss v^ mntif efl'BCti.'* irWffiffi". 



AueUaneertng^ 

AUCTIONEERS: THEIR DUTIES AND LIABILTTIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer, Second Edition, Revised andpartly Re-written. Demy 
8vo, lat. 64, cloth. 

" The standard text-book on the topics of which it treats."— w</Aci>«Km. 

" The woik is one of general exceUeat character, and gives much information in a compen- 
dious and satisfactory form."— BttUeUr. 

"May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable fotm."— £aw yntmal. 

** Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
t»oi»."'—SfiUcit»r/ journal. 

Iwwood^s Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, J^reekold, 
Copyhold, Of Leauhold; Annuities, Advowsons, etc., and for the Renewing of 
Les^es held under Cathedral Churches, Colleges, or other Corporate bodiesi 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 33rd Edition, with considerable 
Additions^ and new and valuable Tables of Logarithms Ua the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdos 
Thomam, of the Socitft^ Credit Mobiiier ot Paris. Crown 8vo, 8s. doth. 

**Ttaose interested in the purchase and sale of estatesi and in the aiJUustaMntof ooaq)ensatloa 
case^ as well as in transacticms in annuities, life insuiances, &c wfll find the ptewwt editioBOf 
eminent wixyi(x,''—^n£iM€erift£. 

Agricultwral Valuer's Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac 
tical Handbook on the Valuation of Landed Estates : including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stuffs, 
Manures, and Labour; with Forms of Tenant-Right- Valuations, Lists of 
Local A^cultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c &c. By Tom Bright, Agricultural Surveyor. Second 
EditioUf much Enlarged. Crown 8vo, 55. doth. [Jnst published. 

** Full of tables and examples hi connection with the valuation of teaantxigfat, estates, labour, 
contents, and weights of timber, and £um i»odace of all kinds."— ^griaUtttrui GattttU, 

" An eminent!^ practical handbook, ftiD of practical tables and data of undoublad inteiest and 
value to surveyors and auctioneers in preparing valuations of all kinds.*— vPenmr. 

JPlnMitatians and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Immroving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale, or Assessment. By Tom Bright, Author of 
••The AgriculturalValuer's Assistant,*' Ac Crown Svo,; 3*. «. doth. 

M J? .T^**?*; ^P"!???" !5? ?««*» it win be a welcome vMu"— North British AeriaOluHsL 
"WeU calculated to assist the vahier in the discharge of his duties, and of undoubted interest 
and use both to surveyors and anctioiieers hi preparing vacations of aJlldads."—Ar<ii/i7«niA<: 
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Hudsan^s Land Valuer^s JPocket^Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calcalatin|; the Value of Estates. With 
Tablfs for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Royal samo, leather^ 
elastic band, 45. 

Bhvwtt^B JLand Improver^s JPocket^Book* 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES t and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revisedi Royal samo, oblong,, 
leather, gilt edges, with elastic band, 45. * 
"A compendious and handy little volume."— wSS^rcAsAf. 

Complete Agricultural Surveyor's Pocket'Book, 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to* 
gether. Leather, gilt edges, with strap, 75, 6d. 

House Property* 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and compulsory Sale of 
Houses and Land, induding the Law of Dilapidations ana Fixtures ; with 
Examples of all kinds of Valuations, Useful Iniormation on Building, and 
Suggestive Elucidations of Fine Art By E. L. Tarbuck, Architect and 
Surveyor. Fifth Edition, Enlarged. i2mo, 5s. cloth. 

** The advice is thoroughly practIcaL"'-Xaw journal. «, 

" For all who have deamigs with house proper^, this is an Indispensable gaide."—I)sc»rtMm. 
"CarefiiUr brought up to date, and much improved by the addition of a division on fine 
art. . . . k yrdl'ynittea and thoaghtMyroirlc.''-— Land A^enfs Record. 



LAW AND MISCELLANEOUS. 



Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Eneaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways. Tramways, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, 
M.In8t.C.E. ; Author of " Hints on Water Supply.'* Demy 8vo, 950 pp., ass. cl. 
** The author's double experience as an engineer and barrister has enabled him to approach 
the mbject alike from an engineering and legal point of view."— Zmo/ Government ChronkU, 

Law of Patents* 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, 2S« 6d, cloth. 

Metropolitan Bating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COUItT 
OF GENERAL ASSESSMENT SESSIONS^ from the Year 1871 to 1885. 
By Edward Rydb and Arthur Lyom Rydb. Fourth Edition, with Introduc- 
tion and Appendix by Waltbr C. Rydb, of the Inner Temple, Barrister* at- 
Law. 8vo, x6s. cloth. 

Pocket-Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 

Sanitary Practice and Law, For Medical Officers of Health, Sanitary In- 

■ specters. Members of Sanitary Authorities, &c. By Edward F. Wjlloughby, 

M.D. (Lond.), &c., Author of " Hygiene and Public Health.** Fcap. 8vo, 

7«. 6d. cloth, red edges, rounded comers. [jhtst published. 

*' A mine of condensed Infoixnation of a peitinent and useful Idnd on the Tartous subjects of 

which it treats. The matter serans to hare been carefully compiled and arranged for facility of 

icference, and it is well illustrated by diagrams and woodcuts. The different subjects are 

succinctly but fully and scientifically dealt with,"— 7"A« Lancet. 
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A Complete Epitome of the Laws of this Country, 

EVERY MAN'S OWN LAWYER: A Handy -Book of the 
PrmeitUt o/ Lam mtd BfuUy, Bj A Baemstbh. Thlrtieth^Bditioii, caze- 
follj lUviMd, and Inclading the Lenslatlon of 1893. Comprisiof (amongst 
other Acts) the BeMnr and Loam (infants) Ad, 1893; the SmaU Holdings 
Aeit xtos ; the CUrgy uiseiplin* Act, 1899 ; the Conotya$tcing and Law of Pro- 
pstty Act, 1891, ftc. ; as well as the Forged Transftrs Act, 1891 ; the Custody 
of Children Act, 1891; the Slander of Women Act, 1891; the Bankruptcy 




price 6t. 8^. (saved at every consultation 1 ), strongly boond in cloth. 



rjnst published, 
matter) — 



*«* The Booh will be found to comprise (amongst other 
Thb Rights and Wrongs op Ikdividuals— landlord and tbnant— vendors 

AND PURCHASBRS— PARTIfBRS AND AGBNTS^-COMPANIBS AND ASSOCIATIONS— MASTERS. 

Servants, and workmen— leases and mortgagbs>-Church and Clergy, ritual 
—Libel and slandbr--Contracts and agreements-Bonds and bills op sale- 
cheques, BILLS, AND Notes -Railway and Shipping Law— Bankruptcy and in- 
surance—Borrowers, Lenders, and Sureties— criminal Law— Parliamentaky 

ELECnONS-COUNTV COUNCILS— MUNia PAL CORPORATIONS— PARISH LAW. CHURCH- 
WARDENS. ETC— INSANITARY DWELLINGS AND AREAS— PUBLIC Health and Nuisances 
—FRIENDLY AND BUILDING SOCIETIES -^ COPYRIGHT AND PATENTS — TRADE MARKS 
AND DESIGNS — HUSBAND AND WIPE, DIVORCE. ETC— TRUSTEES AND EXECUTORS — 
GUARDIAN AND WARD. INPANTS, ETC.-<;aME LAWS AND SPORTING— HORSES. HORSB- 
DBALING. AND DOGS— INNKEEPERS. LICENSING. ETC.— FORMS OP WILLS, AGRBBMENTS« 
ETC ETC 

KSr The object of this worh is to enable thou who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not hnowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer's office as of a iton*s den. With this 
booh at hamd it is believed that many a Sxz-ani>«Biohtpbncb may be saved; many 
a wrong redressed: many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The worh has established itself as the standard legal adviser of aU 
classes, and has also made a reputation for itself as a useful booh of reference for 
lawyers residing at a distance from law librartes, who are glad to have at hand a 
worh embotfying recent decisions and enactments. 

%* Opinions of thx Pkbss. 

" It is a oomplal* cods of BneDih Law. writtan la plain laiignaM wlildi aB can nndeistand. 
. . Should bo in tbe hands oc Ofoiy borinass man, and all wiio wish to abolish Uwyers' bills.' — 
JVe*kl9 Times. 

•' A osefid and ooadM apltoaM of dio law. compiled with ooiisldand>io cara.''-^£«w AAv««<N« 

" A completo digest of the moct usefiil fiMrts which constitute Enslish law."— G/^Ae. 

** This excellent handbook. . . . Admirabliir done, admirabqr ananged, and admirably 
cheapL"— i^^a^ Mercury. 

•'A concise, cheap and coaaplete epitome of the Enciish law. So plainlj written that he who 
nms may read, and he who leaos majr understand.' -—Figiare. 

•* A dictlonanr of legal fiicts well put together. The book is a very usefU one.*— 5/«cte/M'. 

" A work wlucb has ktnff been wantM. which is thoroughly well done, and which we most 
•cordially recommend."— sS^mimb^ Times. 

•• The latest editfon of tills popular book ought to be in erery bodness esfaWishmwit, and on 

f Ubrary XsAA6.''—SkeffieU Post 

' A complete epitome of the law ; thoroughly intelligible to non-professional readers." 

Belts Lif*. 

Legal Guide for Pawnhrohers* 

THE PAWNBROKERS*, FACTORS* AND MERCHANTS* 
GUIDE TO THB LAW OF LOANS AND PLEDGES, With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. Bj H. C. FoLKARo, Esq., Barrister-at-Law, Author of " The Law 
of Slander and Libelf" dec With Additions and Corrections. Fcap. Sto^ 
3s. 6<f. cloth. 

*• TUs work fiwtii*"f slmphr eferytfiing Uiat r equ ir e s to be known oonceming the depaitmenk 
«f the hw of whkh it treats, wecansafia^ commend the book as unique and yery nearly perfect" 



Tfie Law of Contracts. 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourth Edition, 
with Appendix of Statutes by T. F. Uttlby, Solicitor. Fcap. 8vo, 3^. Gd, 
cloth. {Jnst published, 

OODBN, 8MALB AND CO. UMXTBU. PitlMTKRS, GRBAT SAPPRON HILU B.C« 



WtmU's 98lu!i(nwntara Setits- 



LONDON, 1862. 
THE PRIZE MEDA 

Wu amrdsd Co the Publiihcn of 

"WEUE'8 SERIES." 



A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC,EBUCATIONAL, 
AND CLASSICAL. 

CemfrUing ntarly Thru Hundred and Fifl-, disHncI Bw-(f in almtsi ewry 
Jl/arimtnl of Scienct, Arl. and Hdua-tien, ric0a,mindtd to fju naticto f Bnginien, 
Archilects.Bui!dc„.Arli<a>,s,aadStudinUgtn!TaUy, as wtll at to tkeiTMirtlili 
in IforlJ^ ' , Uhlar, ' ,., l.ierary and Sjmilfi, %tUuH<^,, ColUge^, Sc. 



Scitfici c'Jaacs.i^., j-tf" 



1^ "WEALE'S SERIES includes Tail-Books on almost every branch of 
Science and Industry, comprising Eucti subjects as Agriculture. Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miBcellaneous 
Treatises, The whole are constantly undergoing revision, and new edition!, 
brought up to the latest discoveries in scienlitic research, are constantly 
issued. The prices at which they are sold are OS low as their excellence is 
assured." — Atiurioan Literary Gaselte. 

" Amongst the literature o[ technical education, WbaLE'S SERIES has evef 
enjoyed a high reputation, and the additions being made by Messrs. CROSBY 
LOCKWOOD & Son render the series more complete, and bring the informa- 
tion upon the several subjects down to the present lime, "^Mining Journal. 

" It is not too much to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Wbalb'S Series."— BBgineer. 

" The excellence of Wbai,E'3 Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
value.' ■—HuiWtr. 

"The volumes of Wealb's Series form one of the best collections of 
elementary technical books in any language." — Architect. 

" WEALE'S SERIES has become a standard as well as an unrivaUsa 
collection of treatises in all branches of art and science."— Pubfu Opinion. 



PHrLADELPHIA, 1876. 
THE PRIZE MEDAL 

Wa. awarded tp the Pobliihm for 
Booki ; KiidimMiUi7i Belentifle, 

"IIEAIE'S SHIES," ETC. 
CROSBY LOCKWOOD & SON, 

'. STATIONERS' HALL COURT. LUDGATE HILL,' LONDON. 



WEALS'S RUDIMENTARY SERIES. 



W£AL£*S ETJDIMENTAEY SCIENTIPIC SEEIES. 




0f\h 



\* The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloUi, unless otherwise stated; du/ the volumes marked 
with a X may also be had sirongly bound in cloih boards for 6dL 
extra, 

N.B, — In ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and prices. 

' CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnkll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 
35. TWS BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. By Gen. Sir J. Burooynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES, pax- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, C.E. Fourth Edition. 2S. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks) on Footings, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
Cofferdams, See. By JB. Dobson. Seventh Edition, is. 6d. 
60. LAND AND ENGINEERING SURVEYING. By T. Baker, 
C.E. Fifteenth Edition, revised by Professor J. R. Young. 2s.* 
8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, 8cc. By T. Wiggins, F.G.S. 2a. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. Hughes, C.E. New Edition. 4S.I 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. Bv Davtd Stbvbnson, F.R.S.E., 8cc. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, See. as. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. ByC.SLAGG, A.M.I.C^E. Revised Edition. x%.t 

SI2. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENTi and the Manufacture and Distribution of Coal Gas. Origfinally 
written by Samuel Hughes, C.E. Re-written and enlarged by William 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

216. MATERIALS AND CONSTRUCTION ; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. 3s. t 

219. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including Hvdrauuc Engineering by Geo. R. Burnell, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark« 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

268- THE DRAINAGE OF LANDS, TOWNS, &* BUILDINGS. 
By G. D. Dbmpsey, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
Corrected. 4s. 6d.t 



iy The t indicat es that these vols* may be had strongly bound at 6d. extra, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. TUB STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. ARHstRONO, C.£. Illustrated, is. 6d! 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines, See. By Joseph Glynn, F.R.S. 28.^ 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.B. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theoir 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6a. 

164. MODERN WORKSHOP PRACTICE, as appUed to Steam En- 

gines, Bridges, Ship-building, &c. By J. G. "WiNTON. New Edition, ^s. 6d.t 

165. IRON AND HEAT, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, ^%.% 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d.» 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By T. Sewbll and D. K. Clark, C.E. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. WILLIAMS. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, 8tc.— by D. K. Clark, M.I.C.E. 3s. 6d.* 
202. LOCOMOTIVE ENGINES, By G. D. Dempsky, C.E. ; with 

large additions by D. Kinnear Clark, M.I.C.E. i%.t 
211. THE BOILERMAKER* S ASSISTANT in Drawmg, Tern- 

?lating, and Calculating Boiler and Tank Work. By John Courtney, 
'ractical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 
217. SEWING MACHINERY: Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 28.} 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Cahpin, C.E. Second Edition. 2S. 6d.4 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis C ampin, C.E. 32.* 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2S. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hinti 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2s. 6d.} 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s. 
%• Nos. 211 and7.^\ in One Vol., half- bound, enttiled " The Boilermaker's Ready- 
Reckoner AND Assistant." By J. Courtney and D. K. Clark. 7s, 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. doth boards. 

256. STATIONARY ENGINE^DRIVIN>G. A Practical Manual 

Engineers in charge of Stationary Engines. By Michael Re^iq)lds^ M^.E. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pbndrbd, C.E. 2s. 

The % indicates thai these vols, may be had strongly bound at td, extra. 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

4, MINERALOGY^ Rudiments of; a concise View of the Greneral 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.6.S., ftc. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Bakbr, C.E. lUnstrated. as. 6d. X 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ANSBR Watt. Ninth Edition, enlarged and revised, with additional Illus- 
trations, and including the most recent Processes. 3s. 6d.t 

172. MINING rOC7Z5, Manual of. For the Use of Mine Managers, 
Avents, Students, See. By William Morgans, as. 6d. 
I72*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 935 Illustrations, drawn to Scale. Ato. 4s. 6d. 

176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Mann- 
&ctnre of Iron and Steel, &c. By H. Bauerman, F.G.S. Sixth Edition, 
revised and enlarged. 5$.^ 

180. COAL AND COAL MINING. By the late Sir Warinqton W. 
Smyth, M Jl., F.R.S. Seventh Edition, revised. 3s. 6d.< 

IOC. 7HE MINERAL SURVEYOR AND VALUER* S COM. 
PLETE GUIDE. By W. Lintkrn, M.E. Third Edition, including Mag- 
netic and Angular Surv^ng. With Four Plates. 3s. 6d.t 

S14. SLATE AND SLATE ^£/:4^^K/A^G!, Scientific, Practical, and 
Commercial. By D. C. Daviks, F.G.S. , Mining Engineer, ftc. i%.X 

S64. A FIRST BOOK OF MINING AND QUARRYING, with (he 
Sciences connected therevdth, for Primary Schools and Self Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHIIECTURE—ORDERS—Tht Orders and their .Esthetic 

Principles. By W. H. Lbbqs. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES—l^^t History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A^ fcc. Illustrated, as. 
%* Orders and Styles of Architbcturb, in One Vol,, 3^. 6d, 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplinod in the Works of the 

Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. M.6d. 

•^^ Th4 iMr*4 preceding Works, in One handsome Vol,, half bound, entitled 

" MoDBRN Architbcturb,*' price 6f« 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 9m,X 

25. MASONRY AND STONECtlTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., 8cc. 2s. tA.X 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect. 

Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allbn, C.E. as. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnbll, C.E Fourteenth Edition, xs. 6d 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, 8cc. By C. Tomunson, F.R.S., 8tc. Illustratoa. . 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*c.: Experimental Essays 

on the Principles of Construction. By W. Bland. Illustrated, xs. 6d. 
The X indicates thai these vols, may be had strongl^bound at 6d. extra. 
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Architecture, Building, etc., conHnued. 

n6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Soand applied to the purposes of the^Axchitect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art oC 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS-^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S Jl., F.R Jl.S. With aj Plates. 5s. 
130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art ia 
Grreece. By the Earl of Aberdeen, is. 
%* The two preceding JVorks in One handsome VoL^ half bound, entitled "Axcaan 

132. THE ERECTION OF DWELLING-HOUSES. Dlustrated try 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, 8fcc. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES <&• MEASUREMENTS in Bricklayers', Masons', 
Plasterers*, Plumbers'^ainters', Paporhangers', Gilders', Smiths', Caxpentera' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, is. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1893. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
farther Enlarged. By Francis T. W. Miller, A.R.I.B.A. 700 pages. 
3s. 6d. ; cloth boards, 4s. \,J^^i Published. 

i8s. CARPENTRY AND yOINERY--Tn^ Elementary Prin- 

ciplrs of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn. M.A. Fifth Edition, Revised. 3s. 6d.f 

!««♦. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards^ 
Glass, 8cc. ; Unequal-sided, S<}uare-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, 8cc. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WlGHTWICEL 

New Edition. By G. H. Guillaumb. Illustrated, is. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, 8cc., and a Collection of Usefril Receipts. By Ellis A. Davidson. 
Sixtii Edition. With Coloured Plates. 5s. clou) limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles; Arch Drawine, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering | Practical 
Greometry, Mensuration, &c. By Adah Hammond. Seventh Edition, it. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. 2s. 

206. A BOOK ON BUILDING, Cvvil and EccUsiasHcaX, Including 
Church Restoration. With the Theory of Domes and the Great Pyramid 
«tc. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. 4s< 6d4 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. With upwards of 160 Engravings on Wood. \%.% 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wyndham Tarn, M JV.., Architect. Second Edition, revised, xs. 6d. 

The X indicates that these vols, may be h ad strongly bound at 6d, extra. 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. By J. W. Facbt. ss. 

257. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Painting. By Jambs W. Facby. 2s. 6d. 
%* The two preceding Works , in One handsome Vol., half-bound^ entitled " ^otjsb 
Dbcoration, Elbmentary and Practical," price ss. 

230. A PRACTICAL TREATISE ON HANDR AILING. Showing 

New and Simple Methods. By G. Collings. Second Edition, Revised, 
including A Trbatisb on Stairbuilding. Plates. 2s.6d« 

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and Greneral Mana^ment of Building Land. By 
Fowlbr Maitland, Surveyor. Second Edition, revised, ss. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated, as* 

252. BRICKWORK: a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cuttine and Setting, Btc By F. 

Walkbr. Third Edition, Revised and Enlarged, zs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising : 

189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklat- 

t6s. ING, by A. Hammond ; Brickcutting and Sbtting, by A. Hammond. $34 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
tSZ.THE TIMBER MERCHANT' Sy SAJV-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With Additions by M. Powis Balb, A.M.Inst.C.E. \%.% 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Colungs. Second Edition, ss. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black, ss. 6d.$ 
261. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Gborgb H. Btagrovb. is. 6d. 
265. THE ART OF PRACTICAL BRICK CUTTING &* SETTING. 

By Adam Hammond. With 90 Engravings, is. 6d. 
267. THE SCIENCE OF BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A. Lond. Third 

Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILATION : a Text-book to the Practice of the Art of 

Ventilating Buildings. By W. P. Buchan,R.P., Sanitary Engineer, Author 
of " Plumbing," &c. 3s. 6d.t 

272. ROOF CARPENTRY ; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Geo. Collings, 
Author of " Handraillng and Stairbuilding," &c. 2S. (yust published. 

273. THE PRACTICAL PLASTERER : A Compendium of Plain 
,and Ornamental Plaster Work. By Wilfred Kemp. 2s. [Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

SI. NA VAL ARCHITECTURE. An Exposition of the Elementaiy 
Principles. By J. Pbakb. Fifth Edition, with Plates. 3s. 6d.t 
S3*. SHIPS FOR OCEAN 6f RIVER SERVICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. zs. 6d. 
53**. AN ATLAS OF ENGRA VINGS to Illustrate tiie above. Twelve 
large folding plates. Royal 4to, cloth. 7S. 6d. 
54. MASTING, MASTMAKING, AND RIGGING OF SHIPS^ 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
Jcc., relative to every class of vessels. By Robert Kipping, N.A. as. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

54*. IRON SHIP-BUILDING. With Practical Examples and Details. 

By JoHH Grantham, C.E. Fifth Edition. 48. 
55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. By Jambs Grbbnwood, B.A. With nomerous Woodcats and 

Coloured Plates. New and enlarged edition. By W. H. Kossbr. as. 6d4 
80. MARINE ENGINES AND STEAM VESSELS. By Robbrt 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 

Author and by Gborgb Carlislb, C.E. 4s. 6d. limp ; 5s. cloth boards.. 
B^bis. THE FORMS OF SHIPS AND BOA2S. By W. Bland. 

Eighth Edition, Revised, with numerous Illustrations and Models, zs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Thtorf 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N. A. is. 6d, 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 

of ££Fort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 

and Sails of Steam Vessels, &c. lath Edition. ByR. Kipping. NJL, 2s. 6d4 
155. ENGINEER'S GUIDE TO THE ROYAL <&• MERCANTILE 

NAVIES. By a Practical Enginbbr. Revised by D. F. McCarthy, jt. 
55 PRACTICAL NAVIGATION Consisting of The Sailor's 
£ Sea- Book. By Jambs Grkbnwood and W. H. Rossbr. Toother with 
mr%M the requisite Mathematical and Nautical Tables for the Working of tiM 
*"*• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

6i». A COMPLETE READY RECKONER FOR THE ADMEA- 

SUREMENT of land, 8cc. By A. Arbian. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, 8cc. 2S. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. as. . 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING <&• FARMING ECONOMY, Notes, Hbtorical and 

Practical, on. (Vol. s.Outlinbs of Modbrn Farming.) By R. ScottBurn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNBS OF Modbrn Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) as. 

146. U2ILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunbs of Modbrm 
Farming.) By R. Scott Burn. Woodcuts, as. od. 
%• Not. 140-1-3-5-6, i« One Vol.yhandsomely half-bound, entitled "OuTUNBS OF 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, 8cc. Fifth Editioa, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 
Glbnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

tation of Farm Labour. By R. Scott Burn. as. 6d.i 

208. OUTLINES OF LANDED ESTATES MANAGEMENl. 
By R. Scott Burn. as. 6d. 

%* N<n, ao7 ^ ao8 in One Vol,, handsomely half-bound, entitled "Outlimbs ot 
Landed Estates and Farm Management." By R. Scott Burn. Price 6«. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONE^IS' HALL COURT, LUDGATE HILL, E.G. 
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Agriculture, Gardening, etc., continued, 

209. 7HE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fmit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Sahubl Wood. as. 

210. THE TREE PRUNER, A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. is. 6d. 
*•* Nas. 209 &» 210 in One VoL^ handsomely half-bound^ entitled "Thb Trbb 
Planter, Propagator, and Prunkr." By Samuel Wood. Price 3*. 6d. 

2 18. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, 8fcc. 
By John Steele. Fifth Edition. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultzy, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 3s. 6d.t 

%l\. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltbt. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS, Edited by Charles W. QuiN. is.6d. 

234. MARKET AND KITCHEN GARDENING, By C. W. Shaw, 

late Editor of ** Gardening Illustrated." 35.^ 

239. DRAINING AND EMBANKING, A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Method*. 
By John Scott, late Professor of Agriculture and Rural Economy at th« 
Royal Agricultural College, Cirencester. With 68 Illustrations. xs« 6d. 

240. IRRIGATION AND WATER SUPPLY, A Treatise on Water 

Meadows, Sewage Irrigation, and Warping ; the Construction" of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES, A Practical 

Treatise on the Roads, Tramwa3rs, and Waterways of the Farm; the 
Principles of Enclosures ; and the di£Ferent kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS, A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and ConstmctioD, 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. 2s. 

243. BARN IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in th« 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise 00 

Land Surv^ng, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

%* Nos. 239 to 245 in One Vol,, handsomely half-hound, entitled "Thb Complsts 
Tbxt-Book of Farm Engineering." By Professor John Scott. Price 12s, 

t$0. MEAT PRODUCTION, A Manual for Producers, Distributors, 
8cc. By John Ewart. 2s. 6d.t 

266. BOOKKEEPING FOR FARMERS &» ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 
cloth hoards. 

T%e % indicates that these vols, ntay he had strongly bound at 6d, extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testingp, and Use concisely Explained. By J. F. 
Heather, M.A. Fourteenth Edition, revised, wiui additions^ by A.- T. 
Walmisley, M.I.C.E., Fellow of the Surveyors' Institution. Onginal Edi- 
tion, in z vol.. Illustrated. 2s.$ 

*«* Im ordering the above) be careful to say, " Original Bdiiion " {No. 32), io diittn- 
guish it from the Enlarged Edition in 3 tfols. (Not, 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, (extracted from the French oi 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M.A. Witn 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcntt. ss. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haodon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, is. 6d. 

t4** A Key to the above, containing Solutions in full to the Exercises, t^nther 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly £acilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S. 
M*. A Key and Companion to the above Book, forming an extensive rmository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Youno. is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

80. and Explanatory Notes : to which is prefixed, an Introductory Essay • 
Logic. By Henry Law, C.E. 2s. 6d.t 

•»* Sold also separately f vtz. .•— 
M. EucuD, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, xi, r. By Henry Law, C.E. zs. 6d. 

90. A!NALYTICAL geometry and conic SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Youno. 2r,t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. zs. 
%• Or with " The Elements of Plane Trigonometry^* in One Volume, u. 6d. 

q$. MENSURATION AND MEASURING, With the Mensuration 
and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by £. Nugent, C.E. Illustrated, zs. 6d. 

foi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusB, F.R.A.S., 8cc. zs. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hohbrshah Cox, B.A. Illustrated, zs. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by A. Arman. zs. od. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Armam. zs. 6d. 



The t indicates that these vols, may be had strongly bound at 6d, extra* 
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lO WKALS'S RUDIMENTARY SERIES. 

Mathematics, Arithmetic, etc., continued, 
i68. DRAWING AND MEASURING INSTRUMENTS. Indud- 

iag"— I. Instruments employed in Greometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Flans. 
II. Instruments used for the puiposes of Accurate Measurement, and im 
Arithmetical Computations. By J . F. Hbathbr, M.A. Illustratea. is. 6d 

169. OPTICAL INSTRUMENTS, Induding (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Greometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Hbathbr, M J^. Illustrated, zs. 6d. 
*«* TTU above three volumes form an enlargement of the AutAor's original veark 
** Mathematical Instruments.** {See No. 32 in the Series.)^ 
ta,\MATHEMATICAL INSTRUMENTS. By J. F. Heather, 
169. r MJ^. Enlarged Edition, for the most part entirely re- written. The 3 Parts at 
iTO.y above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations wi£ 
unexampled rapioitjr and accuracy. By Charlbs Hoarb, C.S. Sixth 
Edition. With a Slide Rule in tuck of cover. 2%. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By FtfooR Thoman. Fourth Edition. 4S.t 

199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Usehil Tables. By 
D. O'Gorman. Twenty-seventh Edition, carefully revised by C. NoRRis. 
is. 6d., cloth limp: 3s. 6d., strongly half-bound in leather. 

204. MATHEMATICAL r.4^Z^^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hbnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Youno. New Edition. 4s. 
204*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CE. New 
and Revised Edition. (Forming part of the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WoOLHOUSB, F.R.A.S., F.S.S. Seventh Edition, 3S.6d.( 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical^ Investi- 
ntion, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. Bv Francis C ampin. C.E. Second Edition. 3S.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC- 

1. CHEMISTRY. By Prt)fessor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts, zs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By CHARLES ToM- 

LiNSON. Illustrated, zs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S Jl. is. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E., F.S J\.. IS. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 
revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The t indicates that these vols, may be had sirongrly bound at 6d. extra, 
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WBALE'S RUDIMENTARY SERIES. 11 

Physical Science, Natural Philosophy, etc., continued, 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. ByR. Sabine, C.E., F.S.A. 3s. 

IS. PNEUMATICS, including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Tomunson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By. Dr. S. P. Woodward. 'A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, parUy based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., 8cc. Woodcuts. 2S. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

ft Historical. Partly based on Major-General Portlock's "Rudiments of 

X74. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 
m^A College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
^ \* Sold also in Tivo Parts^ as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.-^XVlII. js. 

269. LIGHT : an Introduction to the Science of Optic?, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By £. 
Wyndham Tarn, M.A. is. od. \,Just published. 



FINE ARTS. 

10. PERSPEC7IVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS, From the German of Dr. Gessert and Emanuel Otto From- 
berg. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer, ss. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d» 
^11. MUSIC (5f THE PIANOFORTE, In one vol. Half bound, 5s. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, (jrlass, 8cc. Witn Historical 
Sketches of the Profi^ress of the Art by^ Thomas John Guixick, assisted 
John Times, F.S.A. Sixth Edition, revised and enlarged. 53.} 
186. A GRAMMAR OF COLOURING, applied tc Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, 8cc. js.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, 8cc. With Notes on Uie Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The X indicates thai these vols, may be had strongly bound at 6d, extra.. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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INDUSTRIAL AND USEFUL ARTS- 

13. BRICKS AND TILESy RudimenUry Treatise on the Mannfac- 

tnreof. By E. Dobson, M.R.I.B^. Illostrated, ja.t 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Trtatlse 

on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp : ss. 6d. cloth boards. 
83»». CONSTRUCTION OF DOOR LOCKS, Compiled from the 

Papers of A. C. Hobbs, and Edited by Charles Tomunson. F.R.S. ts. 6d. 
l6f. THE BRASS FOUNDER* S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Bumishtac, 

Bronzing, 8cc. With copious Receipts, 8cc. By Waltbr Graham. tM.% 
105. THE ART OF LETTER PAINTING MADE EASY. By 

T. 6. Badbnoch. Illustrated with la full-page EngraWngs of Examples, it. 6d- 
115. THE GOLDSMIJIPS HANDBOOK, contaming fuU Instrnc 

tions for the Alloying and Workinsf of Gold. By Gborob E. Gbb, 3S.$ 
215. THE SILVERSMITirS HANDBOOK, containing fuU In- 

structions for the Alloying and Working of Silver. By Gborgb E. Gbb. ts4 
%• The two preceding Works, in One handsome Vo*., half-bound, enhtUd " Thb 

Goldsmith's 8c Silvrrsmith's Complbtb Handbook,'* js, 
«49. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDERED, By Gborgb E. Gbr. ts.t 
224. COACH BUILDING, A Practical Treatbe, Historical and 

Descriptive. By J. W. Burobss. 2s. 6d.} 
235. PRACTICAL ORGAN BUILDING, By W. E. DiCKSOir, 
M.A., Precentor of Ely Cathedral. Illustrated. Bs. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bbdford Lrno. Numerous Illustrations. Third Edition, ss. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, iwnth Foxmnlao^ 
Tables, Receipts, 8cc. By Charles Hunter. Third Edition, js.t 
270. WOOD ENGRA VING : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, xs. 6d. 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, 6fK, By Tohn Wbalb. Sixth Edition. Revised 
by Robbrt Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

5a LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Uttley, Solicitor, 3s. 6d. cloth. 

112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. A Family Guide in all Cases of Accident and Emergency ss. 
112*. MANAGEMENT OF HEALTH. A Manual oi Home and 
Personal Hygiene. By the Rev. Jamrs Baird, B.A. zs. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE* S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Eiimbns. ss. 

154. GENERAL HINTS TO EMIGRANTS, 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By R. Mann. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollvs, F.R.G.S. With 163 Woodcuts. 3s.* 

194. THE HOUSE MANAGER: Being a Guide to Housekeepfaig. 

Practical Cookery, Pickling and Preserving, Household Work, I>aiiy 
Management, he. By An Old Housbkbbpbr. 3s. 6d.t 

i94» HOUSE BOOK (The), Comprising :— I. The Housi Manaobx. 

1 12 & Bv an Old Hodsbkbbpbr. II. Dombstic Mbdicinb. By R« Gooddto^ M.D. 

1 1 2*. ^"^ Managbmbnt of Hbalth. By J. Baird. In One Vol., half-bonnd, 6s. 

The t indicates that these vols, may be had strongly bound at 6d.Mxtra, 
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EDUCATIONAL AlTD CLASSICAL SESIES. 



HISTORY. 

I* England, Outlines of the History of; more especially with 

seference to the Origin and Proeress of the English Constitution. By 
WiLUAM DoDOLAS MAM1LTON, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvikn, MJL., of Ballioi 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of s from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Ballioi College, Oxford. Map, as. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S J^. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fifth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Jus7;in Brbnan. 
x8th Edition, is. 6d. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R JL.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Polpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected, as. 6d. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a BriefTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb £. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, yl. 

s, d. 
First Standard . ^ o 6 

SbCOND ,, . . O 10 



Third . . x o 



Fourth Standard . • • x s 
Fifth „ . . . • z 6 

Sixth „ . . . . z 6 

Lbssons from thb Biblb. Part I. Old Testament, is. 

Lbssons from thb Biblb. Part II. New Testament^ to ^ich is added 

Thb Gboorapht of tub Biblb, for very young Children. By Rev. C« 

' Thornton Forstbr. is. 2d. *«* Or the Two Parts in One Volume, bb. 

7, STATIONSRS' HALL COURT, LUDGATE HILL, l.C. 
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FRENCH. 

24. French Grammar. With Complete and Concise Roles on the 

Geoden of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionaxy. Comprising a large number of 

New Terms used in Engrineering, Mining, &c. By Alfrbd Elwss. is. 6d. 

20. English-French Dictionary. By Alf&sd Elwbs. 2s. 
15,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

cloth boards, 38. 6d. \* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Tranylations, several Vocabularies of Wor^, a Col> 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader ; A Series of Extracts, carefully culled from the 

most approved Authors of Grermany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

4I-43* German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Grer- 
man-French. Part III. French-German-English. 33., or cloth boards, 4s. 

ii-43 German Triglot Dictionary (as above), together with German 
I 39, Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27, Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfrbd Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. X. Italian -English-French. 2s. 6d. 

30. Italian Ttiglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred "Elwes, Vol. 3. 

French-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 78. 6d. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE- 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. xs. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, fcc. 
with the proper Accents and the Gender of every Noun. 1^ Alfrbd Elwbs 
4s. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Kngineering, &c., with the proper Accents and the Gender of every Noun, 
By Alfrkd Elwbs. Second Edition, Revised, 5s. ; doth boards, 6s. \* Or 
with the Grammar, cloth boards, 7s. 

HEBREW. 
46*. Hebremr Grammar. By Dr. B&esslau. is. 6d. 
44. Hebremr and English Dictionary, Biblical and Rabbiidcal; 

containing the Hebrew and Chaldee Roots of tiie Old Testament 'Post- 
Rabbinic^ Writings. ^ Dr. Brbsslau. 6s. 

46. English and Hebre^nr Dictionary. By Dr. Bkesslau. 3s. 
44,46. Hebremr Dictionary (as aboTe), in Two YqJs., cnmpieie, with 

46*. the Grammar, cloth boards, 12$. 
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LATIN. 

19. X4atin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas GtOODWIN, 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. X4atin Dictionary (as above). Complete in One Vol., 3s. 6d, 

• cloth boards, 4s. 6d. *,• Or with the Grambiar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in EngUsh. 

1. Latin Delectus. Containing Extracts from Classical Authois, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6di 

2. Csesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis ^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H, L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

£• — Part I. Books i. — vi., is. 6d. 
3 » Part 2. Books vii.--xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. NotesbyW. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W^. M. Donnb, B,A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2S. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Dayiss, M.A. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 

14 cYceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. YouNQ and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

i6». — Part 2. Books iii., iv.j v., is. 6d. 

17, Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Prqpertiuai, 

and Ovid. Notes by W. B. DonnB, M.A,, Trinity College, Canit>rldge. 2*' 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2S. 
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